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YeaMcaeMbie mimamciu! 

BanieMy bhhm;ihhio npeflJiaraeTca nepBbm HOMep ceTeBoro nepHOAHnecicoro HaynHoro H3- 
p,amw «IIpo6jieMbi Heflponojib30BaHH»». B HacToamee BpeMa, HecMOTpa Ha uiHpoKoe pa3BHTHe 
HH(})opMaLi,HOHHbix TexHOJiorHH, HHrepHeT-(J)opMaT HayHHbix H3flaHHH noKa Mano pacnpocTpaHeH. 

CpeflH HayHHbix HanpaBJieHHH H3#aHHa «IIpo6jieMbi He#ponojib30BaHHa» xoTenocb 6bi bh- 
flejiHTb MaTepnajibi no npoGneMaM: 

- TeopHH npoeKTHpoBaHHa MecTopcwKfleHiiH nojie3Hbix HCKonaeMbix; 

- reOTeXHHKH flJUI OTKpblTOH, nOfl3eMHOH H KOMSHHHpOBaHHOH OTpaSoTKH MecropoacfleHHH 

nojie3Hbix HCKonaeMbix; 

- CTpoHTenbHOH reoTexHOJiorHH nofl3eMHbix h HaBeMHbix coopyaceHHH; 

- 3KOJiorHHecKHx npoSjieM ropHonpoMbiuineHHoro KOMiuieicca h npHpoflonojib30BaHHJi; 

- ynpaBJieHHa KanecTBOM MHHepanbHoro CbipbJi, pyflonoflroTOBKH h oGoramemia; 

- reoMexaHHnecKHx h reoflHHaMHnecKHx nponeccoB npn ocbochhh MecTopoacflemiH; 

- pa3pynieHHa ropHbix nopofl h hx MaccHBOB npn komiuickchom ocbochhh Mecropo^eHHH; 

- npHKna^HOH h TeopeTHnecKOH reo(J)H3HKH h reonorHH, CBa3aHHbix c ocBoeHHeM He#p; 

- reoHH4)opMau,HOHHoro oGecneneHHa npn njiaHHpoBaHHH h npoeKTHpoBaHHH OTpaGoTKH 

MeCTOpO)KfleHHH; 

- 3KOHOMHHeCKHX npoSjieM npH HeflpOnOJIb30BaHHH H MHOrHM flpyTHM. 

y HHTaTeneM MoaceT B03HHKHyTb Bonpoc: noneMy mm Ha3BanH CBoe H3#aHHe «IIpo6jieMbi 
HeAponojib30BaHHa». 

Heflponojib30BaHHe - 3to mnpoKoe noHaTHe, KOTopoe oSbeflHHaeT cneuHajiHCTOB pa3JiHH- 
hwx npo(j)HJieH fljia pemeHHH npoGneM ocBoemia He#p 3eMJiH. Hmchho Taicon mnpoKHH oxBaT, Ha 
Ham B3rjia/i, no3BOJiaeT (J)opMHpoBaTb HOBbie HHTepecHbie H#eH Ha CTbiice HayK, pacmnpaTb Kpyro- 

30p pa3JIHHHbIX CneU,HajIHCTOB, CBa3aHHbIX He TOJIbKO C TOpHblM fleJIOM, HO H C flpyTHMH BaJKHblMH 

acneKTaMH oSecneneHHa pa3pa6oTKH MecTopoacfleHHH. 

Heflponojib30BaHHe Hepa3pbiBHO CBa3aHO c TexHOJiornen b hihpokom ee noHHMaHHH. Oc- 
HOBHbie npnopHTeTbi pa3BHTHa TexHOJiorHH npn Heflpononb30BaHHH b HacToamee BpeMa - sto 

3KOJIOrHHHOCTb, 3Hepr03(|)4)eKTHBHOCTb H peCypCOc6epe)KeHHe, BblCOKaa npOH3BOflHTeJIbHOCTb 

Tpy^a, 6e3onacHOCTb h scJ^eKTHBHaa opraHroanna paSoT. 

IlepBbiH HOMep OTKpbiBaeTca CTaTbaMH ynacmnKOB BcepoccnncKon mojioaokhoh HaynHO- 

npaKTHHeCKOH KOH(J)epeHnHH «IIpo6jieMbI HeflpOnOJIb30BaHHJI», npOBOflHMOH HHCTHTyTOM ropHO- 

ro flena YpO PAH npn noflflepaoce Poccnncicoro (})OHfla 4)yHflaMeHTajibHbix nccjieflOBaHnn h Ilpe- 
3HflHyvia YpajibCKoro OT^ejieHHa PAH, n aBJiaeTca opraHHHHbiM npoflOjraceHneM cSophhkob Tpy- 
flOB Monoflbix yneHbix c aHajiornnHbiM Ha3BamieM, BbinycKaeMbix HHCTHTyTOM b TeneHne npe#bi- 
Aymnx 7 neT. 

HHCTHTyr ropHoro flena YpajibCKoro OT^ejieHHa PAH nojiynnji CBn^eTejibCTBO o pern- 
CTpannn ceTeBoro cpe^CTBa MaccoBon HH^opMannn «npo6jieMbi Heflponojib30BaHH>i». H3#aHne 
Sy^eT BbixoflHTb e>KeKBapTajibHO, T.e. c nepnoflnnHOCTbio He MeHee neM 4 pa3a b toj\, h pa3Me- 
maTbca Ha cairre http ://trud . i gdur an . ru 

CocTaB peflKOJLiierHH npeflCTaBJieH npo(|)eccopaMH oflHHHaflnaTH opraHH3annH HayKH h 
Bbicmero o6pa30BaHH». 

Ha/ieeMca, hto aBTopbi, b tom HHCJie ynacranKn MOJiofleacHon KOH^epeHnnn, ou,eHaT 
yfloGcTBO nojib30BaHna ceTeBbiM H3flaHneM. Cennac bqj\qtck paSoTa no HanojiHemno n pa3BHTnio 
canTa. Peflajcnna b cboio onepe^b npnjio>KHT Bee ycnuna ^Jia KanecTBeHHoro n CBoeBpeMeHHoro 
BbinycKa HOMepoB. XoTenocb 6w, htoSm Kaac^bin HOMep H3flaHHH 6bui nnrepeceH cnennauncTaM 
pa3Horo npo^HJia, a MaTepnajibi ocBeniann aKTyajibHbie npoSneMbi n npefljiarann HOBbie HHTepec- 
Hbie pemeHHa. floSnTbca 3Toro mo>kho TOJibKO coBMecTHbiMH ycHJuiaMH - BaniHMH, yBaacaeMbie 

aBTOpbl, H peflaKHHH H3flaHH3. 

Ha^eeMca Ha nnoflOTBopHoe coTpyflHHnecTBo! 

rjiaenuu pedaKtnop 

cemeeoeo nepuodmecKoeo HayuHoao mdanuH 
«ITpo6jieMbi Hedponojib3oeaHUH» 
d.m.H., npocpeccop KopuwiKoe C.B. 
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YeamaeMue ynacmnuKu MOJiodemnou KOHcpepenmiul 

BcepoccHHCKaa MOJiOfleacHaa HayHHO-npaKTHnecKaa KOHC^epeHnna «IIpo6jieMbi Heflponojib- 
30BaHHa», npoBOflHMaa Hhcthtytom ropHoro flena YpO PAH npn noflflepacice Pocchhckoix) (})oh- 
^a 4)yHflaMeHTajibHbix HcaneflOBaHHH h IIpe3HflHyMa Ypaubcicoro OT^ejieHiia PAH, HivteeT yace 
BOCbMHJieTHioio HCTopHio. OcoSeHHOCTbio KOH(J)epeHii,HH aBJiaeTca to, hto Ha ee njioma^Ke eace- 
roflHO npoHexoflHT flHanor Meac^y mojioammh h yace HMeiomHMH 3HanHMoe hm b oGjiacra ropHO- 
ro flena yneHbiMn, npeflCTaBHrejiaMH pa3JiHHHbix npon3BOflCTBeHHbix KOMnaHHH, TeopeTHKaMH h 
npaKTHKaMH, Meac^y pocchhckhmh h 3apy6e>KHbiMH cnennajiHCTaMH b oSjiacTH ropHoro #ejia. 
TpaflHu,HOHHbiM CTano ynacTHe b KOH^epeimHH Bbiflaiomnxca yneHbix n Beflymnx cnenHajmcTOB, 
BbiCTynaiomHx c flOKJia^aMH no aiayajibHbiM BonpocaM, hto no3BOJiaeT xapaKTepH30BaTb KOH(j)e- 
peHu,Hio KaK MeponpnaTHe c ajieMenraMH niKOJibi mojioamx yneHbix. 

Co BpeMeHH npoBefleHHa nepBoii mojioaokhoh HayHHO-npaKTHHecKOH KOH^epeHnnn no 
npoSneiviaM Heflponojib30BaHna b 4 pa3a yBennnnjiocb KOJinnecTBO ynacTHHKOB, nx reorpacjjnHe- 
ckhh oxBaT n KOJiHHecTBO nySjinicyeMbix CTaTen (Ta6n. 1,2). Ctoht OTMeTHTb, hto c caMoro Hana- 
na Bee CTaTbn, npHHHMaeMbie fljia nyGjimcanHH b c6opHHK MaTepnanoB KOH(|)epeHnHH, npoxo^aT 
peu,eH3npoBaHHe BeflymnMH cnennanncTaMn HIT], YpO PAH (pnc. 1). C 2012 r. Jiynmne CTaTbn 
nySjiHKyiOTca b peneronpyeivibix H3#aHHax, peKOMeHflOBamibix BAK PcD. 3to no3BOJiaeT noBbi- 
maTb TpeSoBaHna k npe#CTaBJiaeMbiM mojioammh yneHbiMH flOKJia^aM n CTaTbaM. HecMOTpa Ha 
npHHUHnHajibHOCTb peu,eH3eHTOB npn oneHice CTaTen, KOH(j)epeHnHa OTJinnaeTca floGpoacejiaTejib- 
HOCTbio n acenaHHeM Be^ymnx cnennajiHCTOB noMOHb b noBbiuieHHH KanecTBa paSoT. Hepe^KH 
CJiynan, Kor^a npn OTpHnaTejibHoM peneroHH ynacTHHKH npoaBJiajin HacTOHHHBOCTb, HaynHyK) 
npHHnnnHajibHOCTb, oGocHOBbiBajiH cboh flOBOflbi bo BpeMa flOKJia^a h b pe3ynbTaTe flnanora 
HaxoflHJiH BapnaHTbi npaBHJibHoro h oSocHOBaHHoro H3JioaceHna cbohx MaTepnajiOB. 
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TaGjiHija 1 



Koii(|)cpciiuini «IIpo6jieMbi ne>ipoii(Kib30Bamisi» 3a 2007 - 2014 rr. 





I mo. ioje'/Kiian 

HayHHO- 
npaKTHHecKafl 
Koii(J)cpcnmi5i no 
npofijieiviaM Heapo- 
no.ibiOBamisi 


BcepocciiHCKan Mo.iojoKiian 
HayHHO-npaKTHHecKan K<>ii(|>cpcimiifl 
«IIpo6jieMM He^ponojib30BaHHH» 


KOH(pepenijuu 


I 


n 


III 


IV 


V 


VI 


VII 


VIII 


0<J)HUHajii,Haa 
no^ep>KKa 


IIpe3HxiHyM 
YpOPAH 


PcDcDH, npe3H^nyM YpO PAH 


J\aja npoBe^eHHH 

KOH(J)epeHIIHH 


14.02.2007 r. 


12-15.02.2008 r. 


10-13.02.2009 


9-12 02.2010 r. 


8-11.02.2011 r. 


7-10.02.2012 r. 


12-15.02.2013 r. 


3-6.02.2014 r. 


HHCJieHHOCTb 

ynacTHHKOB 

KOH(J>epeHUHH 


40 


80 


110 


150 


160 


150 


150 


Ill 


KoJIHHeCTBO 
OHHBIX ZlOKJia^OB 


29 


68 


49 


56 


80 


82 


56 


62 


KonHHecTBo op- 

raHH3aiiHH- 

ynacTHHKOB 


12 


20 


24 


45 


Bonee 40 


Bojiee 35 


Bojiee 35 


35 



Ta6jiHu,a 2 



CTaracraKa 11 vo. 1 11 k;i 11 nil CTaTefi b cSopmiKax «IIpo6jieMbi Heaponojib30BaHHH» 





BcepoccHHCKaa MOJiozte^Haa HaynHO-npaKTHHecKafl KOHtJtepeHiiHH 
«npo6jieMbi HeziponojiL>30BaHHH» 


JV2JV2 KOH(J)epeHIIHH 


II 


III 


IV 


V 


VI 


VII 


VIII 


Tor H3ZiaHHH c6opHHKa 


2008 


2009 


2010 


2011 


2012 


2013 


2014 


KoJIHHeCTBO aBTOpOB 


100 


80 


154 


131 


130 


118 


111 


KonHHecTBo nocTynHBinHX 
CTaTen 


69 


52 


89 


70 


73 


70 


64 


KoJIHHeCTBO OTKJIOHeHHBIX 

CTaTen 


H/fl 


H/fl 


H/fl 


H/fl 


5 

(3 He no TeMe 

KOH(J)epeHIIHH) 


9 


3 




2010 2012 

■ Ko/i-bo aBTopo& 

■ Ko/l-BO CTaTEM 

■ Kq/1-bo CTaTeP Ha flGpa6oTHV 



Phc. 1 - /^HHaMHKa ny6nHKaiiHH b c6opHHKax 

KOH6epeHUHH «IlD06jieMbI HeflPOIIOJII>30BaHIl}I» 
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TpaflHu,HOHHO BecoMyio nacTb flOKJia^OB npeflCTaBJiaiOT ynacTHHKH H3 YpajibCKoro pe- 
rnoHa (yrry, HHCTHTyTbi YpO PAH, yHHBepcirreTbi h opraHH3au,HH r. IlepMH h flpyrax). 
^OKJiaflbi Ha CTbiKe TeopHH h npaKTHKH flenaiOT npeflCTaBHTejiH MITY (r. MaraHToropcK). 
Bcer^a HHTepecHbi flOKJia^bi npeflCTaBHTejieM CnSFTH (HbiHe HMCY «ropHbiii», r. Camer- 
IleTepSypr), Mrry (r. MocKBa). IIpHBJieKaiOT BHHMaHHe flOKJia^bi npeflCTaBHTejieM Konb- 
CKoro nonyocTpoBa (npeflnpnaTHa h opraHH3au,HH ropoflOB MypMaHCKa h AnaraTbi). Hhtc- 
pecHbi Tpyflbi Ha CTbiKe reoMexamiKH, reofle3HH h reoHH(J)opMaTHKH npeflCTaBHTejien Ka3aH- 
CKoro yHHBepcHTeTa. AKTyajibHbie npoSjieMbi oScyacflaiOTca b flOKJia^ax H3 ilKyrHH (hhcth- 
TyT «ilKyTHHnpoajiMa3» AK «AJIPOCA», CBcDY h flpyrne). 

HHTepecHbie noflxoflbi k penieHHio npoSjieM npeflJiaraiOT ynacTHHKH H3 YicpaHHbi, Be- 
jiapycH, y36eKHCTaHa, A3ep6anfl>KaHa, BojirapHH. Bcer^a Harjia^HbiMH npaKTHnecKHMH 
npHMepaMH HacbimeHbi flOKJiaflbi npeflCTaBHTejien Ka3axcTaHa. TpaflHHHOHHO CHJibHbi «ch- 
SnpaKH)) (HHCTHTyTbi h opraHHBauHH ropoflOB HoBOCHSnpcKa, KeMepoBO, ToMCKa, Hp- 
KyrcKa h flpyrax). CHJibHbi HayHHbie hikojim h Ha flajibHeM BocTOKe ropoflOB XaSapoBCKa, 
Bjia^HBOCTOKa h flpyrax. 

B HayHHOH nporpaMMe KOH(J)epeHHHH Tpa^HUHOHHa paSoTa ceKUHH, nocBameHHbix 
reoMexaHHKe h pa3pymeHHio ropHbix nopofl, reoTexHOJioran, reosKOJiorHH, reoaKOHOMHKe, 
reoTexHHKe; 3aMeTHO yBejiHHHBaeTca kojikhcctbo flOKJia^OB no reoHH(J)opMaTHKe. IIporpaM- 
mm npoBefleHHbix KOH(J)epeHinrii BKjnonaiOT Bonpocbi TeopHH npoeKTHpoBaHHa MecTopo>K- 
fleHHH nojie3Hbix HCKonaeMbix; reoTexHHKH fljia otkpmtoh, nofl3eMHOH h KOMSHHHpoBaHHOH 
OTpaSoTKH MecTopo>KfleHHH nojie3Hbix HCKonaeMbix; CTpoHTenbHOH reoTexHOJiorHH nofl3eM- 
hmx h Ha3eMHbix coopy>KeHHH; SKOJioranecKHx npoSjieM ropHonpoMbinuieHHoro KOMnneKca 
h npHpoflonojib30BaHHa; reoMexaHHHecKHx h reoflHHaMHnecKHx npoueccoB npn ocBoemiH 
MecTopo>KfleHHH; pa3pynieHHa ropHbix nopofl h hx MaccHBOB npn KOMnneKCHOM ocBoeHHH 
MecTopoacfleHHH; reo(J)H3HKHj reoHH^opMauHOHHoro oSecneneHJia npn ocbochhh MecTO- 
po>KfleHHH; 3KOHOMHnecKHx npoSjieM npn Heflponojib30BaHHH h MHorne flpyrne. 

YnHTbiBaa MHoroneTHioio HCTopnio cSophhkob MaTepnajiOB KOH(J)epeHLi,HH «IIpo6jie- 
Mbi Heflponojib30BaHHa», BcecTopoHHee oScyMCflemie h peueroHpoBamie BbicoKOKBajiH(|)H- 
inipoBaHHbiMH cneu,HajiHCTaMH flOKJia^OB ynacTHHKOB, b KOHue 2013 r. pyKOBOflCTBO Hhcth- 
Tyra ropHoro flena YpO PAH cobmcctho c oprKOMHTeTOM KOH(J)epeHLi,HH «npo6jieMbi 
Heflponojib30BaHHa» h cobctom mojioawx yneHbix VLTJl YpO PAH npimajio penieHHe oco- 
3flaHHH ceTeBoro nepHOflHnecKoro HayHHoro mjianmi «npo6jieMbi Heflponojib30BaHHa», 
npeflHa3HaHeHHoro ajih nySjiHKauHH MaTepnanoB mojioaokhoh KOH(J)epeHii,HH, YpajibCKoro 
ropHonpoMbinuieHHoro (})opyMa h ^pyrnx CTaTeM. 

5KejiaeM bccm aBTopaM h ynacTHHicaM mojioaokhoh KOH(J)epeHLi,HH «npo6jieMbi He^po- 
nojib30BaHHa» TBopnecKHx ycnexoB h Ha^eeMca Ha nnoflOTBopHoe coTpyflHHHecTBo! 
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reojioranecKoe AeniHCppHpoBaHHe no MaTepnajiaM flHCTaHHHOHHoro 30HflHpoBaHHa 
(,11,3) - aapocpOTO- h kocmmhcckhm CHHMKaM - aBJiaeTca HeoTbeMJieMOH nacTbio reojioropa3- 
BeflOHHbix paSoT icaic Ha 3Tane peraoHajibHbix HcaneflOBaHHH, TaK h Ha ynacTicax fleTajiH3a- 

HHH C BbMBJieHHblMH 3anaCaMH nOJie3HbIX HCKOnaeMblX [1, 2, 3]. IlepBHHHO flHCTaHHHOHHyK) 

ocHOBy reonorHHecKOH cbeMKH cocTaBJiajin MaTepnajibi aapocpOTOCbeMKH, nojiyneHHbie npn 
CbeMKe KaK c 6opTa caMOJieTa, TaK h c kocmkhcckhx cnyTHHKOB OKOJio3eMHOH opGnTbi. Ojx- 
HaKO nporpecc b oSjiacTH KOCMHnecKoro KopaSnecTpoeHHa npHBen k TOMy, hto 3a nocjie#- 
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HHe 20 JieT Ha opSnTy Swjio BbiBefleHO Sojiee 30 kocmhhcckhx annapaTOB, KanecTBO MaTepn- 
anoB KOToptix He TOJibKO He ycTynano, ho h b pa^e cnynaeB npeBoexoflHJio MaTepnanbi aHa- 
jioroBOH cbeMKH [4, 5]. Pent H^eT o flOJirocpoHHbix kocmhhcckhx nporpaMMax AMepHKaH- 
CKoro h EBponencKoro kocmhhcckhx areHTCTB, TaKHx KaK Landsat, Terra, JERS, ERS. 3th 
flaHHbie CTanH ^ocTynHbi mnpoKOMy Kpyry cnennajincTOB BBH^y hx CBoSoflHoro pacnpo- 
CTpaHeHHa, hto npHBe.no k pa3pa6oTKe cneu,HajiH3HpoBaHHbix anropHTMOB h nporpaMM, 
HanpaBJieHHbix b tom HHCJie h Ha peuieHHe reojioranecKHx 3a#an [2, 4, 5]. 

06i>eKT h MeTOAbi HccjieAoeaHHH. 3aflaneH nccjieflOBaHHa Swjio co3#aHHe ^HCTaH- 
hhohhoh ochobw jiHCTa reojiorHnecKOH KapTbi c HOMeHKJiaTypoH 0-5 3 -XXI c nocjieflyio- 
ihhm H3yneHHeM HH(J)opMaTHBHOCTH MaTepnajiOB KOCMHnecKOH cbeMKH pjm reonorHHecKoro 
fleuiH(})pHpoBaHHa. B paScrre Hcnojib30BanHCb KaK TpaflHu,HOHHbie noflxoflbi BH3yanbHoro 

fleniH(})pHpOBaHHa, TaK H aBTOMaTH3HpOBaHHbie ajirOpHTMbl H MeTOflHKH. 

TeppHTopna HCCJieflOBaHHa pacnojio>KeHa b AaHO-MaMcKOM paMoHe XaSapoBCKoro 
Kpaa (pnc. 1). B npeflenax HOMeHKnaTypHoro JiHCTa 0-53-XXI MacinraSa 1:200000 pacno- 
jio>KeHO yHHKanbHoe MecTopo>KfleHHe ruiaTHHbi - KoH^epcKHH MaccHB nxejiOHHO- 
yjibTpaocHOBHbix nopofl, pa3pa6oTKa KOToporo Be^eTca c KOHu,a 70-x roflOB XX BeKa. B pe- 
Jibec})e MaccHBy cooTBeTCTByeT oflHOHMemibiH xpeSeT KoH^ep, kotopwh H3BecTeH npe>Kfle 
Bcero H3-3a CBoeM iiohth HfleanbHOH KOJibneo6pa3Hon (})opMbi flnaivieTpoM okojio 8 km npn 
BbicoTe ot 1200 flo 1387 m. IleTporpacjmHecKHH cocTaB BKraonaeT mejiOHHbie nerMaTHTbi, 

flHOpHTbl, flHOpHTOCHeHHTbl, MCJiaHOKpaTOBbie flHOpHTbl, KOCbBHTbl, IIHpOKCeHHTbl, IiepHflO- 
THTbl, flyHHTbl, a TaK>Ke MarHeTHT-SHOTHT-riHpOKCeHHTHbie H MarHeTHT-aM(J)H60JI- 

nnpoKceHOBbie nopoflbi, o6pa3yiomHe nous jiHH30BHflHbix Teji n p,aeK. U,eHTpajibHaa nacTb 
MaccHBa cjio>KeHa npeHMymecTBeHHO flyHHTaMH, njioma^b KOTopwx cocTaBJiaeT okojio 6 km 2 
[6, 7]. 3anacbi njiaTHHOH^OB h flparoneHHbix MeTamiOB Ha MecTopo>KfleHHH KoH^ep hchhc- 
jiaiOTca cothsmh Tbican tohh, hto onpeflenaeT oSbeKT HcaneflOBaHHa KaK CTpaTeranecKH 

Ba>KHbIH flJia 3KOHOMHKH POCCHH. 

CoBpeMeHHbiH pejibec}) c^opMHpoBanca no# flencTBneM fleHyflau,HOHHO-3po3HOHHbix 
npou,eccoB, mrreHCHBHOCTb npoaBJieHHa KOTopwx SbiJia oSycnoBJieHa HOBenmnMH tcktohh- 
necKHMH ^BH>KeHHaMH neTBepTHHHoro nepnofla, a TaK>Ke cocTaBOM h CTpoemieM cyScTpaTa. 

HoBeMniHe TeKTOHnnecKne flBH>KeHHa npoaBHJincb b BH^e oSnxero cjiaSo flncJ^epeH- 
u,HpoBaHHoro noflHaTHa Been TeppHTopHH, Ha (})OHe KOToporo npoHCxo^HJia noKajibHaa #e- 
4)opMau,Ha noBepxHOcra c o6pa30BaHHeM Sojiee mcjikhx CTpyKTyp [7]. 

B KanecTBe MaTepHanoB flHCTaHu,HOHHOH ochobw Smjih Hcnojib30BaHbi 6e3o6jiaHHbie 
chhmkh, nojiyneHHbie cbeMOHHbiMH CHCTeMaMH Landsat ETM+ (2 CHHMKa) h Landsat TM (4 
CHHMKa), Terra/ASTER (1 cu,eHa) , EO-Ali/Hyperion (2 cneHbi), TaK>Ke 4 CHHMKa SPOT fljia 
C03flaHHa opTO(})OTonjiaHa M03anKH (pnc. 2). B paSoTe ncnojib30Bajiacb KaK u,H(J)poBaa mo- 
flejib pejibe(})a (IIMP), nojiyneHHaa nyTeM BeKTopH3au,HH Tonorpa(J)HHecKon ochobw JiHCTa 
0-53-XXI, TaK h IIMP SRTM (npocTpaHCTBeHHoe pa3pemeHHe 90 m). B KanecTBe npo- 
rpaMMHoro oSecneneHHa fljia paSoTbi c flaHHbiMH J\3 Hcnojib30Banacb CHCTeMa ArcGIS 
Desktop, ENVI, WinLESSA caMbix nocjieflHnx Bepcnn. 

3Tan BH3yanbHoro fleniH(})pHpoBaHHa 3aKJiK)Hajica b no^Sope onTHManbHoro CHHTe3a 
cneKTpanbHbix KaHanoB c nocneflyiomHM hx npeflCTaBJieHHeM b BH^e RGB-KOMno3HTa [2, 4, 
5]. Ilpoueflypa BbiSopa KaHanoB, ncnojib3yeMbix flua CHHre3a, HenocpeflCTBeHHO conpa>KeHa 
c conocTaBJieHHeM KOCMHnecKOH HH^opMannn c flaHHbiMH reojioranecKOH KapTbi. ycTOHHH- 
boh h 3(})4)eKTHBHOH CHHTanacb Ta KOM6HHau,Ha, KOTopaa OTpaacaeT neTporpa(J)HHecKHH co- 
CTaB oflHoro CTpaTHrpa(J)HHecKoro B03pacra no Been njionia^H CHHMKa. Ilpn ncnojib30BaHHH 
CTepeocKonnnecKHx cbohctb napw KOCMnnecKHx chhmkob Terra ASTER 6bma co3#aHa 
II.MM BbicoKoro pa3pemeHna n npoBefleHbi paSoTbi no TpexMepHOMy reojiornnecKOMy Kap- 
Torpa^npoBaHHio [8]. 
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Phc. 1 - reorpacJ)HHecKoe rrano>KeHHe oGbeicra HconcaoBaHHa 




PhC. 2 - IlOKpblTHe TeppHTOpHH HCCJie^OBaHHa /jaHHblMH fl33 



ABTOMaTHnecKoe HH^eKCHoe flemn^pnpoBaHne ocHOBaHO Ha pa3JiHHnax apKocra 
npHpoflHbix oSbeieroB b flByx hjih HecKOJibKHx nacTax cneKTpa. TaKHe HH^eKcw xopouio 
pa3pa6oTaHbi ^Jia cneKTpajibHbix KaHauoB KOCMnnecKon CHCTeMbi Landsat n ^ocTaTOHHO no- 
APoSho onncaHbi b pa^e jiHTepaTypHbix hctohhhkob [9]. CoBpeMeHHbie nporpaMMHbie npo- 
AyKTbi jsjin o6pa6oTKH ^aHHbix ,333 (ENVI, ERDAS) coflepacaT GojibinnHCTBO yKa3aHHbix 
auropHTMOB, hto no3BOJiaeT c nerKOCTbio nojiynaTb roTOBbie fljia KJiaccn^nKannn (aiccnepT- 
hoh HHTepnpeTau,HH) TeivtaTHHecKHe KapTbi. 

Hcnojib3ya nporpaMMy WinLESSA [10, 11, 12], npoBenn aBTOMaTH3npoBaHHbiH pac- 
neT jiHHeaMeHTOB no H.MP, a Taicace no KOCMnnecKOMy CHHMKy (cpeflHnn HK, 1.5 - 
2.2 mkm). 



ll 



Pe3yjibTaTbi h oScyjKAemie. Ha 3Tane BroyanbHoro fleniHdppnpoBaHHJi Gbinn onpe- 
flejieHbi HanSonee HHdpopMaTHBHbie KOMSnHannn cneKTpaiibHbix KaHanoB. Cnnre3 cne^yio- 
mHx KaHajiOB (no flamibiM Landsat ETM+/TM) ^ocTOBepHO OTpa>KaeT coflepMcamie reojiora- 
necKon KapTbi: 4-5-1 - othctjihbo npoaBJieHO paflnajibHO-KOHneHTpHHecKoe CTpoeHHe Koh- 
flepcKoro MaccHBa h reojiornnecKne rpaminbi tojiiii roproonrajibHO 3ajieraK>mnx nopofl 

MOKfly OMHHHCKOH (Pt3 Oil) H 3HHHHCKOH (Pt3 dl) CBHTaMH (pHC. 3, CJieBa). 




Phc. 3 - Chhtc3 cneKTpajibHbix KaHanoB no aaHHMM cnyTHHKa Landsat TM 

KoMno3HT KaHanoB 5-4-2 - ynacTKn HaflnonMeHHbix Teppac KpynHbix peK (Qiv) — 
OTo6pa>KaiOTca CBeuibiM (J)ototohom h HMeiOT mepoxoBaTyio TeKCTypy, hto OTJinnaeT hx ot 
flpyrax MopdpojiorHHecKHx 3JieMenroB aojihh. 5-7-1 - Bbi^ejiaiOTca pycua BpeMeHHbix boao- 
tokob h nyTH CHOca npojnoBHaubHoro MaTepnaua (pnc. 3, cnpaBa). B CTepeocKonnnecKOM 
peacHMe SbiJiH 3aKapTHpoBaHbi nponiOBHajibHbie KOHycbi BbiHOca, Ha^noHMeHHbie Teppacbi, 
mneHdpbi ocwnaHHa h oSBanbi (Q'iii h Q 2 iii) - noTeHHHajibHbie ynacTKH noncKOBbix pa6oT Ha 
poccwnHoe 30jioto h nuaTHHy. flocTaTOHHO othctjihbo b 3tom pe>KHMe Bbi^enaiOTca pa3Jio- 
mw h onepjnomne TpemHHbi. 

Xopomo H3BecTHO, hto b npaKTHKe reojiorHnecKoro fleniHdppHpoBaHHa ninpoKO npn- 
MeHaeTca CTepeoadpdpeKT, nojiynaeMbin npn paSoTe c napoil nepeRpbiBaiomnxca aapodpoTO- 
chhmkob Ha 3epKanbHOM CTepeocKone. 3a cneT SnHOKyjiapHoro 3peHna penbedp Bbirjia^HT Ha 
TaKOH nape b npeyBejinneHHOM BepTHKajibHOM MacuiTa6e, hto noBbiuiaeT neTKOCTb H3o6pa- 
>KeHHa b 1,5 - 2 pa3a [13]. B TaKOM peacHMe jierKO flemndppnpyiOTca ajieMenrbi pa3JiOMHon 

TeKTOHHKH, KOTOpbie He BCerfla CTOJIb 0#H03HaHHbI Ha OflHHOHHOM CHHMKe. HcKyCCTBeHHOe 

npeBbiuieHHe CTepeoMOflenH no3BOJiaeT OTJinnaTb aKKyMyjiaTHBHbie dpopMbi penbedpa, co- 
3flaHHbie fleaTenbHOCTbio BpeMeHHbix boaotokob, - npojiiOBHajibHbie KOHycbi BbiHOca ot an- 
jiiOBHajibHbix penHbix Teppac. 

Eme oflHoil none3HOH ocoGemrocTbio nHdppoBOH CTepeoMOflenn aBJiaeTca bo3mo)k- 
HOCTb SbiCTporo co3flaHHa nceBflocTepeoadpdpeKTa hjih oSpamemioro penbedpa. B TaKOM cny- 
nae B03BbiuieHHOCTH CTaHOBaTca HH3MeHHOCTaMH, a 6onee HH3KHe OTMeTKH penbedpa Bbiraa- 
A»T KaK ropHbie xpe6Tbi. Hcnonb30BaHHe TaKoro peacnivia no3BOJiaeT H3ynaTb pa3BHTHe pen- 
Hbix flOJIHHHblX KOMmieKCOB peK, BblfleJISTb 3JieMeHTbI flOJIHH H XapaKTep JIHHeHHOH 3p03HH 

Ha nopo/iax pa3JiHHHoro jiHTOJiornnecKoro cocTaBa. 

HanSojibmee KonnnecTBO HH^eKCOB, paccnHTbiBaeMbix aBTOMaTHnecKH cpe^CTBaMH 
nporpaMMbi ENVI, npeflHa3HaneHO #Jia flenindppHpoBaHHa 3eneHOH BererapyiomeH pacTH- 
TenbHOCTH h OTfleneHHa ee ot ^pyrax o6beKTOB. Bbiji Hcnonb30BaH MeTOfl «KOJinanoK c kh- 
ctohkoh» (Tasseled Cap), hto no3BOJiHJio pa3flenHTb pacTHTenbHOCTb h OTKpbiTbie noBepx- 
hocth. Cue^yeT OTMeraTb, hto HanSojibuieH HHdpopMaTHBHOCTbio h npaKTHnecKOH uemio- 
CTbio fljia aHanH3a CTan hh^ckc MHHepanbHoro KOMno3HTa, TaK KaK Kaacflbiil KaHan RGB- 
KOMno3HTa cooTBeTCTByeT onpefleneHHOH jiHTOJioranecKOH pa3HOCTH, a HBeTOBbie nepexoflbi 
noKaBbiBaiOT Ha cooTHomeHHe Meac^y hhmh. 

HHTepecHbie pe3yjibTaTbi Smjih nonyneHbi npn HHTepnpeTauHH po3-flHarpaMM jinHe- 

aMeHTOB: JIHHHH BblTJIHyTOCTH, OCOGeHHO OpTOrOHajIbHbie JIHHHH, n03BOJiaiOT OKOHTypHTb 

Bee H3BecTHbie KOJibueBbie CTpyKTypw b npe#ejiax nncTa - MaccHBbi KoH^epcKHH, Oaojihh- 
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ckhh, OGnaHHfeiH, a TaK>Ke nojiynHTt HHCpopMaiTHio o HOBemnHx TeKTOHHHecKHx Bna^HHax, 
BbipaaceHHbix b penbecpe HeHTpocTpeMHTejibHbiM pncyHKOM penHOH ceTH. CTaracTHHecKaa 
HHCpopMaiiHa o jiHHeaMeHTax, npeflCTaBJieHHaa b BH^e nnoTHOCTH uitphxob, po3-flHarpaMM b 

OKHe, JIHHHH BblTJIHyTOCTH p03 H OpTOrOHajIbHblX JIHHHH n03BOJiaeT TOBOpHTb 0 BblCOKOH 

cxoflHMOCTH pe3yjibTaTOB aBTOMaTH3HpoBaHHoro jiHHeaMeHTHoro aHajiH3a c anpnopHOH reo- 
jiorHnecKOH HHCpopMauHeii. Hoboh aBJiaeTca mHpopMaiiHJi o TpemHHHOH TeKTOHHKe, nony- 
neHHaa nyTeM conocTaBJieHHa KOCMOJiHHeaMeHTOB h jiHHeaMeHTOB pejibecpa MeTOflaMH 6y- 
(pepHoro Hajio)KeHHa b reoHH(J) opiviaHHOHHOH CHCTeMe ArcGIS. JIhhchho BbiTaHyTbie h ruio- 
ma^Hbie ynacTKH bmcokoh TpemHHOBaTOCTH MoryT paccMaTpHBaTbca KaK TpaH3HTHbie 30hm 
MHHepanbHoro (})JiiOH#a. 

Ha ocHOBe UMP Smjih nocTpoeHbi KapTa yKJiOHa pejibecpa, a Taioice KapTbi BepTH- 

KajIbHOH H rOpH30HTajIbHOH paCHJieHeHHOCTH, HTO n03BOJIHJIO npoBecTH yray6jieHHbiH Mop- 

4>OMeTpHHecKHH aHajiH3 TeppirropHH. Uejibio aHanH3a Smjio C03#aHHe CHHTeTHnecKOH KapTbi 
reoMopcpoJiorHnecKoro paHOHHpoBaHHa (pnc. 4). Hcnojib3y» HHCTpyMeHTbi reoHHCpopMa- 
hhohhoh CHCTeMbi ArcGIS - 

nepeKJiaccHCpHKaiiHio h OBepjiefiHbie onepaiiHH c pacTpaMH - 6biJiH Bbi^ejieHbi KaK Mop- 
4>0CTpyKTypbi yHacneflOBaHHoro TeKTOHHHecKoro pa3BHTHa, TaK h acTpyKrpypHbie noBepx- 
hocth 3K30flHHaMHHecKoro reHe3Hca. 

3aKJiK)HeHHe. Ham nepBbin onbiT oSpaSoTKH flamibix J\33 fljia pemeHHa peanbHbix 
reojioranecKHx 3a#an AOKa3biBaeT, hto MaTepHanbi flHCTampiOHHoro 30H#HpoBaHHJi kocmh- 
necKOH cbeMKH He npeTeH^yiOT Ha nonHyio 3aMeHy pynHoro AeniHCppHpoBaHHa, ho Bee kq 
cymecTBeHHO oSjiernaiOT HHTepnpeTaiiHio reojiorHnecKoro flemncppHpoBaHHa h ocoSemio 

aKTyajIbHbl flJIJI pailOHOB C HeOTeKTOHHHeCKOH H COBpeMeHHOH aKTHBHOCTbK), K KOTOpbIM OT- 

HOCHTca h KoH^epcKHH MaccHB. Bo3mo>khocth nporpaMMHbix naKeTOB no o6pa6oTKe #aH- 
Hbix ,3,33- h THC-TexHOJiorHH ho3bojihjih npoBecTH KOMiuieKCHbiH aHanH3 HMeiomenca #h- 
CTaHu,HOHHOH HHCpopMainiH, cooTBeTCTBytomeH 3Tany peKoraocu,HpoBOHHbix paSoT, h HaMe- 
THTb noTeHu,HajibHO nepcneKTHBHbie ynaciKH fljia noncKOB poccbinHbix MecTopoacfleHHH. 





Phc. 4 - MopcfxMorHHecKHe xapaKTepncTHKH pejibe<j)a h aHanH3 cHHTeTHHecKOH Rap™ 
reoMop(J)OJiorHHecKoro paHOHMpoBamra: 

1 - KapTa yraoB HaioioHa pentefjia (0-15 rpa,zrycoB), 

2 - KapTa 3po3HOHHoro pacHJieHeHHH (0 - 1,4 m/km 2 ), 

3 - KapTa rjiy6nHBi 3po3HOHHoro Bpe3a (0 - 500 m) 
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THE EFFECT OF ROCK MASS 
STRESSED-DEFORMED STATE ON 
THE STABILITY OF PIT EDGES 
AREAS 



AnHomauun: 

Tlo pe3yjibmamaM uHOKeHepHo-zeonozunecKux 
uccnedoeanuu c ucnoJib3oeanueM uHcpopMaijuu o 
HanpHDKeHHo-decpopMupoeaHHOM cocmoHHUu, 
mpeujUHoeamocmu Maccuea, noeepxHocmwc 
ociia6jieHUR, 3anezanuu cmpyKmypnux 3JieMenmoe 
Maccuea npueedena ouenm ycmomueocmu 
yuacniKa 6opma mpbepa, Komopan nom3ajia, nmo 
ycmomueocmb ynacniKa npudopmoeozo Maccuea 
npu hojiuhuu Kpymo- u nojiozonadaioujux cucmeM 
mpeufUH 3aeucum ne mojibxo om <pu3UKO- 
MexaumecKux ceoucme dannux cucmeM mpeufun, 
ho u om napoMempoe meKmonmecKozo noun 
HanpHDKenuu. 

Kmoneebie cuoea: Maccue zopnux nopod, 
ycmomueocmb, Kapbep, mpeufUHoeamocmb, 
noeepxHocmu ocjia6neHUH 



Abstract: 

According to the results of geotechnical studies 
using information on the rock mass stressed- 
deformed state and jointing, the surfaces of 
weakening, as well as rock mass structural 
elements bedding, the assessment of stability of the 
pit edge part is given, that has shown that the 
stability of near-edge rock mass part in the 
presence of steep and flat falling fracture systems 
depends not only on physical and mechanical 
properties of these fracture systems, but also on the 
parameters of the tectonic stress field. 



Key words: rock mass, stability, open pit, jointing, 
surfaces of weakening 



OflHOH H3 BcUKHblX HaCTeft HH5KeHepHO-reOJIOrHHeCKOH HHCpOpMailHH o ropHOM 

oSteicre Hapa/ty co CTpyKTypHbiM CTpoeHHeM aBJiaeTca Hanpa>KeHHoe cocToaroie nopoflHoro 
MaccHBa MecTopoac/teHHa, Ha ochobc KOToporo ctpohtcji /tecpopMaiiHOHHaa MOflejib 
cooTBeTCTByiomero ynacTica npnGopTOBoro MaccHBa [1]. HHCpopMaiiHJi o HanpaaceHHOM 
coctojihhh MaccHBa MecropcwK/teHHa no3BOJiaeT Ha hobom HaynHOM ypoBHe nporao3HpoBaTb 
flecpopMaiiHOHHoe noBefleHHe npHSopTOBoro MaccHBa h cyflHTb o bo3mo>khocth npoaBJiemui 
onon3HeBbix ^ecpopMauHH n P H Be#eHHH ropHbix paSoT b Kapbepe. 

BjinaHHe TeKTOHHnecKoro nona Hanpa>KeHHH Ha ycTOHHHBOCTb npnGopTOBbix 
MaccHBOB Ha pa3JiHHHbix MecTopoac/teHHax h j\2cmq Ha pa3JiHHHbix ynacTicax SopTOB oflHoro 
MecTopTOK^eHHa npoaBJiaeTca HH^HBH/tyajibHO. PaccMOTpHM ynacTOK npHSopTOBoro 
MaccHBa, npeflCTaBJiaiomHH coSoh pa3ynjiOTHeHHbiH MaccHB, pa36HTbiH 
pa3HOopHeHTHpoBaHHbiMH TpeiHHHaMH Ha y/tajieHHH 20 - 30 m ot noBepxHOCTH o6Ha>KeHHa 
(pnc. 1). IIpeflnojioacHM HajiHHne Kaic nojiorona/taiomHx, TaK h KpyronaflaiomHx 
noBepxHOCTeii ocjiaSneHHH c na^eHHeM b CTopoHy BbipaSoTaHHoro npocTpaHCTBa Kapbepa. 
HanHHHe /taHHbix noBepxHOCTeM aBJiaeTca oahhm h3 Ba>KHbix (paieropoB pa3BHTHa 
onoji3HeBbix ^ecpopMaiiHH ^amion oGnacTH. 
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Phc. 1 - Mo^eJib noBepxHocra cKOJib5KeHHa b npnGopTOBOM MaccHBe 

CncTeMa ypaBHeHnn, xapaKreproyromaa ycTOHHHBOCTb nopoflHOH npH3Mbi, 
ccj)opMHpoBaHHOH 3a cneT HanHHHa flByx CHCTeM TpemHH, Bbipa^KaeTca b cueflyiomeM 
BH«e[2]: 

Fcpp (Tc/jb)i^k~I~( Xc^B^In , 

F m = (leu) l! K +( 1cu)lLn , ( 1 ) 

trq (xcfl B )i h (x cu )i _ yflenbHoe cflBHroBoe ycHJine h ycHJine cueruieHiia Ha KpyronaflaiomeH 
noBepxHOCTH, Mlla; 

(x WB )2 h (x c ^2 - yflenbHoe cflBHroBoe ycjunie h yciuiHe cueruiemiji Ha nojioronaflaiomeH 
noBepxHOCTH, Mlla; 

I K h I n - flJiHHa Kpyro- h nojioronaflaiomHx TpemHH b npeflenax noBepxHOCTH 
CKOJibaceHHa npH3Mbi, m. 

CoraacHO 3-thm (J)opMyjiaM, K03(})(|)HHHeHT 3anaca ycTOHHHBOCTH nopoflHOH npH3Mbi 
no noBepxHOCTH CKOJib^Kemia, o6pa30BaHHOH npn HauHHHe Kpyro- h nonoronaflaiomHx 
CHCTeM TpemHH 

= FJF«* (2) 
J\jik onpefleneHHa K03(|)4)Hrj,HeHT 3anaca ycTOHHHBOCTH ^armoro ynacTKa 6opTa 
BOcnojib3yeMca MOflenbio noBepxHOCTH CKOJibacemui Ha ynacTKe npnGopTOBoro MaccHBa, 
npeACTaBJieHHOH Ha pnc. 1. CKOJib>KeHHe onoji3HeBoro Tena nponcxoflHT no noBepxHOCTH, 
oSpaBOBaHHon noBepxHOCTSMH ocjiaSjieHnaMH c yraaMH na^eruM b BbipaSoTaHHoe 
npocTpaHCTBO Kapbepa ai h ai. 

J\mmsL noBepxHOCTH CKOJib>KeHHa onon3HeBoro Tena paBHa 

H 1 — H — H c .— Z ft i + S h z — sin a ± L K +sin a, 2 L n , (3) 

tjxq H - oSuraa BbicoTa npnSopTOBoro ynacTKa, m; 

Ho - rnySnHa pacnojioiKeHna flecTpyKTHBHoM TpemnHbi, m; 

hi n hi ~ BbicoTa KpyTO- n nojioronaflaionien nacTen noBepxHOCTH CKOJib>KeHHa, m; 
ai n a2 - yrjibi na^eHna Kpyro- n nojioronaflaromnx noBepxHOCTen ocjiaGjiemia, 

rpaa; 

I K h I n - fljiHHa Kpyro- h nojioronaflaiomHx TpemHH b npe^enax noBepxHOCTH 
CKOJibaceHna npn3Mbr, m. 

OSnjaa ^jinHa Kpyro- n nojiorona/iaiomHx TpemHH 

L » m = Hf*3fi + a = L K sina 1 + L a sma 2 , (4) 
trq P - yroji HaKnoHa cooTBeTCTByiomero yqacTKa SopTa Kapbepa, rpap,; 

a — paccToaHne ot BepxHen SpoBKH SopTa #o ^ecTpyKTHBHon TpemnHbi, m. 
YpaBHeHna (3) n (4) npeflCTaBJiaiOT coSoii cncTeivry: 
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L K sin a 1 — L u sin« 2 , 



(5) 



[H/tgfi + a = L T sin a ± + i, B sin a .- 

Ilocjie npeo6pa30BaHHa 3toh CHCTeMbi mtokct SbiTb HaimeHa npoTJDKemiocTb Kpyro- h 
nojiorona/iaiomHx TpemHH b npe,nejiax noBepxHOCTH CKOJibaceHHa cornacHO cjie#yiomHM 
ypaBHeHHaM: 



H t cos a* 



L^z- sin ft- 



smft-, cosfi*, — sin ft.-, cos«h 



sin cc, cos ft- — sin a- cos 



fljia onpefleneHHa K03(|)4)Hii,HeHTa 3anaca ycTOHHHBOCTH flamioro yracnca 6opTa 
HeoGxoflHMO onpe/iejiHTb y^ejibHoe cflBHroBoe ycHJine h ycmiHe cnenjieHHa Ha 
KpyronaflaiomeH h nojiorona^aioineH noBepxHOCTH TpemHHbi cornacHO ypaBHeHHaM 



= 0,5 - cr 3 ) sin 2a, 



(8) 
(9) 



%, :n — ((Tj sin 2 a — <j 3 cos : a)tg <p — C , 

tj\q ai - MaKCHManbHaa KOMnoHeHTa nojia Hanpa>KeHHH, Mlla; 
Q3 - MHHHManbHaa KOMnoHeHTa nona Hanp»>KeHHH, Mlla; 
a - yron Meac^y ai h noBepxHOCTbio TpemHHbi, rpa#; 
<p - yron TpeHHa no KOHTaKTy noBepxHOCTeM TpemHHbi, rpa/i; 

C — cii,enjieHHe no icom-aiay noBepxHOCTen TpemHHbi, Mlla. 

PeuiHM 3aflany no onpeflejiemno K03(})(|)Hii,HeHTa 3anaca ycTOHHHBOCTH onon3HeBOH 
npH3Mbi c noBepxHOCTbio CKOJib)KeHHa, cc})opMHpoBaHHOH nonoro- h KpyronaflaiomHMH 
CHCTeMaMH TpemHH co cneflyiomHMH napaisieTpaMH: BbicoTa ynacTKa SopTa 77=100 m, fljiHHa 
noBepxHOCTH CKOJib>KeHHa H\= 90 m, yron HaiaiOHa 6opTa 35°, paccToaHHe ot BepxHen 

SpOBKH flO fleCTpyKTHBHOH TpemHHbi 15 M. IlapaMeTpbl CHCTeMbi TpemHH B 3TOH 30He: 

Kpyronaflatomaji CHCTeMa HMeeT HepoBHyio cuaSouiepoxoBaTyio noBepxHOCTb, yron TpeHHa 
no KOHTaKTy 20°, cuenneHHe 0,5 Mlla, yron HaiaiOHa 45°, nonoronaflaiomaa CHCTeMa HMeeT 
inepoxoBaTyio noBepxHOCTb TpemHH, yron TpeHna no KOHTaKTy 15°, cuenneHHe 0,3 Mlla, 
yron HaKJiOHa 12°. 

IlpoTa)KeHHOCTb Kpyro- h nojiorona/iaiomHx TpemHH b npenejiax noBepxHOCTH 
CKOJibaceHHa cornacHO ypaBHeHnaM (6) h (7) h 3a,naHHbiM napaMeTpaM cocTaBHJia Z =92,18 m 

hL=95,88 m. 

JJ,jia pacneTa cflBnroBbix ycnnHH h ycnjiHH cuenjieHiui no noBepxHOCTH TpemHHbi 
SbiiiH cocTaBJieHbi TaSjiniibi 1—3, paccHirraHHbie cornacHO ypaBHeHHaM (8) h (9) fljia 
TpemHH paBJiHHHoro reHe3Hca h npn p a3 jihhhwx 3HaneHHax MaKCHMajibHoir h MHHHManbHOH 
KOMnoHeHT nona HanpaaceHHH. 



TaSnHua 1 

3HaieHHH caBHroBoro ycajiHH h ycHJiHH cuenjieHHH no noBepxHOCTH TpemHH pa3JiH*moro 
reHe3Hca npn 3iia i iennsix MaKCHMajibHOH h miiiiiim;i. ii.noii komiioiichtm no.m HanpmKeHHH 

oi=14,5 Mna h o 3 =5,8 Mlla 



a, 


10 


15 


20 


25 


30 


35 


40 


45 
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55 
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65 
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75 


80 


85 


90 


LUepoxoBaTWH KOHTaKT cp =20°, C'=0,5 MITa 


Tcu 


2,71 


2,82 


2,98 


3,17 


3,4 


3,65 


3,92 


4,19 


4,47 


4,73 


4,98 


5,21 


5,4 


5,56 


5,68 


5,75 


5,77 




1,49 


2,17 


2,79 


3,33 


3,77 


4,09 


4,28 


4,35 


4,28 


4,09 


3,77 


3,34 


2,8 


2,18 


1,49 


0,76 


0,01 


Cjia6oinepoxoBaTMH KOHTaKT (p'=15°, C =0,3 MITa 




1,92 


2,01 


2,13 


2,27 


2,44 


2,62 


2,82 


3,02 


3,22 


3,42 


3,6 


3,77 


3,91 


4,03 


4,11 


4,17 


4,18 




1,49 


2,17 


2,79 


3,33 


3,77 


4,09 


4,28 


4,35 


4,28 


4,09 


3,77 


3,34 


2,8 


2,18 


1,49 


0,76 


0,01 
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TaGjiHija 2 

3HaieHHH caBHroBoro ycnjina h ycnjina cuenjieHHH no noBepxHocra 1 pcmim pa3Jin*moro 
1 ciicjiica npn 3HaneHHHx MaKCHMajibHOH h MHHHMajibHoii Koivirioiieinbi nojia HanpHaceHnn 

oi=20 Mlla h 03=7,5 Mna 



a, 
rpa/j 


10 


15 


20 


25 


30 


35 


40 


45 


50 


55 


60 


65 


70 


75 


80 


85 


90 


LUepoxoBaTWH KOHTaKT (p =20°, C'=0,5 MITa 




3,37 


3,53 


3,76 


4,04 


4,36 


4,72 


5,11 


5,5 


5,89 


6,28 


6,64 


6,96 


7,24 


7,47 


7,64 


7,74 


7,78 


Tcaa 


2,14 


3,12 


4,02 


4,79 


5,41 


5,87 


6,15 


6,25 


6,16 


5,88 


5,42 


4,79 


4,02 


3,13 


2,15 


1,09 


0,01 


Cjia6oinepoxoBaTWH KOHTaKT cp =15°, C'=0,3 MITa 




2,41 


2,53 


2,7 


2,91 


3,14 


3,41 


3,69 


3,98 


4,27 


4,55 


4,82 


5,06 


5,26 


5,43 


5,55 


5,63 


5,66 


Tchb 


2,14 


3,12 


4,02 


4,79 


5,41 


5,87 


6,15 


6,25 


6,16 


5,88 


5,42 


4,79 


4,02 


3,13 


2,15 


1,09 


0,01 



Ta6nHiia 3 

3HaieHHH caBHroBoro ycnjina h ycnjina cuenjieHHH no noBepxHocra TpeinnH pa3JinHHoro 
reHe3nca npn 3iia i ieiuiHX MaKCHMajibHOH n m hhhm ajibHOH KOMnoHeHTbi nojia HanpsuKeHnn 

oi=5 Mlla n 03=1,5 Mlla 



a, 
rpa/j 


10 


15 


20 


25 


30 


35 


40 


45 


50 


55 


60 


65 


70 


75 


80 


85 


90 


LUepoxoBaTWH KOHTaKT (p =20°, C=0,5 MITa 




1,08 


1,13 


1,19 


1,27 


1,36 


1,46 


1,57 


1,68 


1,79 


1,9 


2 


2,09 


2,17 


2,23 


2,28 


2,31 


2,32 


Tcaa 


0,6 


0,87 


1,12 


1,34 


1,52 


1,64 


1,72 


1,75 


1,72 


1,65 


1,52 


1,34 


1,13 


0,88 


0,6 


0,31 


0,01 


Cna6oniepoxoBaTWH KOHTaKT (p =15°, C=0,3 MITa 




0,73 


0,76 


0,81 


0,87 


0,94 


1,01 


1,09 


1,17 


1,25 


1,33 


1,4 


1,47 


1,53 


1,58 


1,61 


1,63 


1,64 


TcjiB 


0,6 


0,87 


1,12 


1,34 


1,52 


1,64 


1,72 


1,75 


1,72 


1,65 


1,52 


1,34 


1,13 


0,88 


0,6 


0,31 


0,01 



Ta6jiHiia 4 

3HaieHHH K03(|)(|)HuiiciiTa 3anaca ycToninBOCTn, chji cnenjieHna n c/ibh/Kciihh noposHon 
npn3Mbi no noBepxHocra cKOJib/Kciuiii, o6pa30BaHHon KpyTO- n nojioronaaaromen 

cncTeiviaMH TpemnH 



a, 
rpaj; 


10 


15 


20 


25 


30 


35 


40 


45 


50 


55 


60 


65 


70 


75 


80 


85 


90 


npn ai=14,5 Mna h 03=5,8 Mna 




433,91 


452,68 


478,94 


509,88 


547,38 


587,68 


631,75 


675,82 


720,81 


763,95 


804,25 


841,76 


872,70 


898,95 


917,68 


929,89 


932,69 




280,22 


408,11 


524,71 


626,26 


709,01 


769,19 


804,93 


818,09 


804,93 


769,19 


709,01 


628,14 


526,59 


409,99 


280,22 


142,93 


1,88 


k 


1,55 


1,11 


0,91 


0,81 


0,77 


0,76 


0,78 


0,83 


0,90 


0,99 


1,13 


1,34 


1,66 


2,19 


3,27 


6,51 


495,94 


npn oi=20 Mna h 03=7,5 Mna 




24,28 


25,46 


27,14 


29,19 


31,50 


34,15 


36,96 


39,82 


42,67 


45,49 


48,13 


50,48 


52,50 


54,18 


55,40 


56,15 


56,45 


F a , 


17,91 


26,11 


33,65 


40,09 


45,28 


49,13 


51,48 


52,31 


51,56 


49,22 


45,37 


40,09 


33,65 


26,20 


18,00 


9,12 


0,08 


k 


1,36 


0,97 


0,81 


0,73 


0,70 


0,70 


0,72 


0,76 


0,83 


0,92 


1,06 


1,26 


1,56 


2,07 


3,08 


6,15 


674,41 


npn oi=5 Mna h 03=1,5 Mna 


Fa 


10,95 


11,43 


12,09 


12,94 


13,90 


14,93 


16,08 


17,23 


18,38 


19,52 


20,55 


21,52 


22,36 


23,03 


23,51 


23,81 


23,93 


Fa, 


7,22 


10,47 


13,48 


16,13 


18,30 


19,75 


20,71 


21,07 


20,71 


19,87 


18,30 


16,13 


13,61 


10,60 


7,22 


3,73 


0,06 


k 


1,52 


1,09 


0,90 


0,80 


0,76 


0,76 


0,78 


0,82 


0,89 


0,98 


1,12 


1,33 


1,64 


2,17 


3,25 


6,38 


407,05 



PacneT K03(})4)HLi,HeHTa 3anaca yctohhhbocth, chji cueiuieHiia h cflBHraiomHx chji, 
fleiiCTByiomHx na ynacTKe MaccHBa npn HajiHHHH KpyTO- h nojioronaflaiomHx chctcm 
TpemHH npn pa3JiHHHbix 3HaHeHHax MaKCHMajibHOH h MHHHMajibHoii KOMnoHeHTbi nojia 
HanpjDKeHHH h npn pa3JiHHHOM yrjie MOK^y ai h noBepxHOCTbio TpemHHbi, Swji npoH3BefleH 
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c npHMeHeHHeM 3HaneHHH napaMeTpoB (x CflB )i, (i C n)i, (Xca B )2 h (t cu )2, B3aTbix H3 TaGjinn, 1-3. 
nojiyneHbi 3HaneHHa KoacJ^HnHenra 3anaca ycTOHHHBOCTH, OTpaaceHHbie b TaGjinne 4, a 
TaioKe nocTpoeH rpacjjHK 3aBHCHMOCTH K03(})(})HnHeHTa 3anaca ycTOHHHBOCTH ot yrjia Me>K/iy 
MaKCHMaubHOH KOMnoHeHTOH nona Hanp»KeHHH h noBepxHOCTbio TpemHHbi (pnc. 2). 



3,50 



K 3,00 
i — i 7 

H 

O 

o 

a 

B 2,50 

>B 
o 
i — i 

o 



2,00 



E 



S i.oo 



0,50 



0,00 




■npirsHa'ieHiiax 

MaKCI MaH bHOH 1 1 

uniMiMa.itHOH KOMnoHemii 
nona mnpa>KeHini ol=14.5 
Milan o3=5,8MITa 

*npH 3Ha l ICHIIfIX 
MHKCHMUJIbHOH H 
MIIHIIMajIbHOH KOMnOHeHTI.1 

nana HanpaaceHinl ol=20 
Ml la H o3=7,5 Ml la 

npn'3Ha l ieHiiax 

M3KCHMa.II bHOH 1 1 

MI IM IMaHbHOH KOMTIOHCHTBI 

nona HanpiDKCHiiH ol=5 
Mnana3=1.5Mna 



0 10 20 30 40 50 60 70 80 90 

Yroii Meacfly n noBepxHocrbK ipenjjiHBi, rpafl 



Phc. 2 - Tpa(j)HK 3aBHCHMOCTH K03(j)(j)HUHeHTa 3anaca ycTOHHHBOCTH ynacTKa npH6opTOBoro 
MaccHBa ot yraa Meac^y MaKCHManbHofi KOMnoHeHTOH nana HanpaaceHHfi oi 

H nOBepXHOCTbK) TpemHHM 

IIo nojiyneHHbiM pe3yjibTaTaM mo>kho cy#HTb, hto ycTOHHHBOCTb ynacTKa 
npnGopTOBoro MaccHBa npn HajinnnH KpyTO- h nojioronaflaiomnx chctcm TpemHH 3aBHCHT 
He TOJibKO ot (J)H3HKO-MexaHHHecKHx cbohctb flaHHbix CHCTeM TpeinnH, ho h ot napaMeTpoB 
TeKTOHHnecKoro nona HanpaaceHnn. OneHb Ba>KHbiMH fljia ycTOHHHBOCTH npnSopTOBoro 
MaccHBa CTaHOBaTca HapyrneHna, KOTopwe cocTaBJiaiOT c BeKTopoM flencTBna 
MaKCHMaubHOH KOMnoHeHTbi TeH3opa Hanpa>KeHHH ai yrabi b npeflenax 15 - 55°.3tot 
AHana30H yraoB OTKJiOHeHna HapymeHHa ot Beieropa 01 no3BOJiaeT peanH30BaTbcaflBH>KeHHio 
nopoflHOH npH3Mbi no TpemnHaM h HapyuieHnaM, ecnn cneruieHne no KOHTaKTy HapymeHHa 
cocTaBJiaeT 0,3 - 0,5 Mlla. Ilpn yraax OTioiOHeHHa HapymeHHa ot Beieropa flencTBna 
MaKCHMaubHOH KOMnoHeHTbi o"i0-15°h55 - 90° TeKTOffimecKoe none HanpaacemiH 3a cneT 
^eiiCTBHa npoflOJibHoii no OTHomeHHio k SopTy KOMnoHeHTbi nona Hanpa>KeHHH OKaBbiBaeT 
SnaronpnaTHoe BJinaHne Ha ycTOHHHBOCTb ynacTKOB npnSopTOBbix MaccHBOB. 
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GEO-RADARLOCATION 
OBSERVATION OF SOILS CONDITIONS 
AROUND FOUNDATIONS OF HEATING 
PIPELINE BEARINGS 



AHHomaifun: 

B paOome u3Jio.jtcenbi pesyjibinambi o6cnedoeanun 
cocmoHHUH zpynmoe y wceJie3o6emoHHbix cpynda- 
MeHinoe onop menjioMazucmpanu npu nojuoufu eu- 
coKomexHOJiozimHbix Hepaspyiuaioufux zeopaduo- 
jioKaifuoHHbix onpedenenuu. B pe3yiibmame zeopa- 
dapnou cheMKu 6hjiu nonynenu epeMennue pa3pe- 
3bi - padapozpaMMbi, omodpawcawmue cmpyhonypy 
u pacnpedeuenue moee nacbinnux u npupodnux 
zpynmoe u CKanbHbix ocnoeanuu. Bbinonnena Kcuue- 
paiibHafi o6pa6omKa ecex zeopaduoJioKauuonnbix 
dannbix, npomeedena unmepnpemauun u ananu3 
odcJiedoeaHHbix zpynmoe. Ha ocnoee unmepnpemu- 

pOeaHHblX dciHHblX eblHSJieHbl 30Hbl noebiuienHozo 

yenaoKHenuH zpynmoe u cmpyKmypnux neodnopod- 
nocmeu. 

Kmoneebie cjioea: zeopaduonoKauusi, zpynmu, cpyn- 
daMeumbi, menjiojuazucmpajib 



Abstract: 

The paper presents the results of soils conditions 
observation around reinforced concrete foundations 
of heating pipeline bearings employing high- 
technology non-destructive geo-radar detections. 
Geo-radar survey has presented time sections or 
radargrams, that display the layers structure and 
distribution of filled and natural soils and rock 
foundations. Laboratory processing of all the geo- 
radiolocation data has been performed, as well as 
the interpretation and analysis of soils under study 
have been carried out. In terms of interpreted data 
the areas of soils increased moistening and struc- 
tural heterogeneities have been revealed. 



Key words: geo-radiolocation, soils, foundations, 
heating pipeline 



fljlfl OIiepaTHBHOH OHeHKH H KOHTpOJia COCTOaHHa npHpOflHO-TeXHHHeCKHX CHCTeM 

npHMeHaiOT MeTOflbi Hepa3pymatomHx onpeflejieHHH, k kotopwm b nepByto onepeflb CJie#yeT 
OTHecTH reopa^apHoe noflnoBepxHOCTHoe 30HflHpoBaHHe. reopa/iapHbie onpeflejiemui bwco- 

KOHHCpOpMaTHBHbl KaK flJIS eCTeCTBeHHWX rpyHTOBblX H nOpOflHblX MaCCHBOB, TaK H flJia HC- 

KyccTBeHHbix coopy>KeHHH, npoMbiinjieHHbix o6beKTOB, flaivtS, iuiothh, ocHOBamiH ((pyH^a- 
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mchtob) h no3BOJiaiOT ocymecTBJiaTb oneHicy coctojihhji, a Taicace MOHHTopimr pa3BHTH_ 
flecpopMannoHHbix nponeccoB, pa3BHTH_ TpemHHOBaTOCTH h H3MeHeHHa CTpyKTypw paBJIHH- 

HblX npHpOflHO-TeXHHHeCKHX CHCTeM. 

TeopaflapHbie onpe#ejieHH_ b HacToamee BpeM» HHHOBanHOHHO npHMeroiiOT b pa3- 
jihhhmx oSjiacTax, cpe#H KOTopbix b nepByio onepeflb hcoGxoahmo Bbi^ejiHTb ropHoe fleno, 
reojioraio, TpaHcnopTHoe, npoMbiuuieHHoe, ra/rpOTexHHHecicoe h rpaac^aHCKoe CTpoHTejib- 

CTBO, 3KOJIOrHK) H ffp. 

3aHacTyio Bonpoc oGcjieflOBamia 4 ) y H A aMeHT0B h rpyHTOB ocHOBaHHa BCTaeT yace no- 
cne npoaBJieHHa AecpopManHH b Ha3eMHbix KOHCTpyKn,H_x oSbeiera. B 3tom cjiynae TpeGyeT- 
ca npoBe/ieHHe KOMiuieicca HcaneflOBaHHH, HanpaBJieHHbix Ha BbiaBJieHne npnHHH pa3BHTH_ 

fleCpOpMaUHH B KOHCTpyKTHBHblX 3JieMeHiaX OSbeKTa. IIOMHMO CTaHflapTHblX MeTOflOB HH- 

>KeHepHOH reonorHH (oTSopa h jiaSopaTopHoro aHanH3a rpyHTOB ocHOBamia, noneBbix hc- 
nbiTaHHH rpyHTOB h np.) nacTO Hcnojib3yiOTC_ HH5KeHepHO-reo(|)H3HHecKHe MeTOflbi Hcane- 
flOBaHHH (cencMO- h 3JieKTpoTOMorpa(J)Ha, reopaflHOJiOKan,H_ h np.). ^ame Bcero Tpa^HnH- 
OHHbie MeTOflbi HHaceHepHOH reonorHH npHMeHjnoTca Ha 3Tane npoeKTnpoBaHna oSbeiera h, 
nocKOJibKy CB33aHbi c HeMajibiMH 3aTpaTaMH, 3aHHMaiOT ^OBOJibHO npoflOJiacHTejibHoe BpeMa, 
a TaK^ce npe#nojiaraiOT HapyineHHe nejiocTHOcrn nccjieflyeMon cpe#bi (myp(|)bi, SypoBbie 
CKBa>KHHbi h t. Ha 3Tanax CTpoHTeiibCTBa n SKcmryaTannn nejiecooSpaBHen npnivieHJiTb 
reo(J)H3HHecKHe MeTOflbi, nocKOJibKy ohh ,n,aK>T B03MO_aiocTb nojiyneHHa flncpcpepeHnnpo- 
BaHHOH mHpopMannn o reojiornHecKon cpe#e 6e3 ee HapymeHna. 

KoMnaHHa, Be#ymaa paSoTbi no CTponTejibCTBy TenjiOMarncTpajin, CTOJiKHyjiacb c 
npoSjieMon npoceflaHna (JjyHflaMenroB Ha ynacTice CTpoamenca TemiOTpaccbi, n no3TOMy 
npnivieHeHHe reopaflnojiOKannoHHoro MeTOfla Hepa3pymatomero oScjieflOBamia rpyHTOB c 
nojiyneHneM onepaTHBHon n flocTOBepHon HHCpopMannn 6bmo HanGojiee pannoHajibHO. 

MeTOfl reopaflnojioKannn 6a3npyeTca Ha H3yneHHH nojia BbicoKonacTOTHbix 3Jieic- 
TpoMarHHTHbix bojih. OcHOBHbiMH BejiHHHHaMH, H3MepaeMbiMH npH reOpaflHOJIOKanHOHHblX 
HCCJieflOBaHHax, aBJiaKxrca BpeMa npoSera sjieierpoMarHHTHon bojihm ot ncTOHHnica #o ot- 
paacaiomen rpaHnnbi h o6paTHO #o npneMHHKa, a Taicace aMruiHTy^a 3Toro OTpa_ceHna [1]. 

B pe3ynbTaTe reopaflnojiOKannoHHon cbeMKH Smjih nojiyneHbi BpeivteHHbie pa3pe3bi — 
pa^aporpaMMbi, OToSpaacaiomne CTpyicrypy n pacnpeflejiemie cnoeB HacwnHbix n npnpofl- 
hmx rpyHTOB h CKaubHbix ocHOBaHHH. B nponecce oSpaSoTKH h HHTepnpeTannn pa/japo- 
rpaMM Bbi^ejiaiOTca h OTCJieacnBaiOTca och cnH(})a3HOCTH OTpaaceHHbix bojih ot pa3JinHHbix 
rpaHHu, pa3flejia (oTpa>KaiomHx rpaHHu, hjih ropH30HTOB) bojih h hx conocTaBJieHHe c rn#po- 
reojiorHnecKHMH ocoSemiocTaMH pa3pe3a. ______ 




3oHa 
npoMep3aHHa 



BajiyHHbiH 
rpyHT 



IlecoK 
nbuieBaTbiH 



Phc. 1 - PaAaporpaMMbi o6cJieflOBaHHH rpyma b HenocpcacTBeHHofi 6jih30Cth ot (j)yH^aMeHTa 
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Pa/iaporpaMMa (pnc. 1, 2, 3) npeflCTaBJiaeT coSoh coBOKynHOCTt 3anHceH CHraajiOB 
(Tpacc), npHinefluiHx k npneMHOH aHTeHHe 3a HHrepBaji BpeivteHH ot 0 MOMeHTa nocbuiKH 
30HflHpyiomero HMiryjibca #o KOHu,a HHTepBana 3anHCH (paBBepTKH), BbiCTaBJieHHoro onepa- 
TopoM. roprooHTajibHaa ocb pa/iaporpaMMbi X, ocb npo(})HJia b MeTpax. HanajibHbie tohkh 
Tpacc pacncmaraiOTca Ha stoh och c niaroM, 3anHcaHHbiM Ha npo(})HJie. BepTHKanbHaa ocb 
bojihoboh KapTHHbi - ocb BpeivteHH c HananoM t = 0, MOMeHTOM nocbinKH 30HflHpyiomero 
HMnyjIbCa H KOHHOM ?max, cooTBeTCTByiomHM Komry HHTepBana 3anHCH (paBBepTKn). 

BbinonHeHa KaMepajibHaa o6pa6oTKa Bcex reopaflHOJioKau,HOHHbix flamibix, npoH3Be- 
fleHbi HHTepnpeTau,Ha h aHanH3 oScjieflOBaHHbix rpy htob . Ha ochobc HHTepnpeTHpoBaHHbix 
flaHHbix BbiaBJieHbi 30hm noBbiuieHHoro yBJia>KHeHHJi rpyHTOB h CTpyKTypHbix HeoflHopofl- 

HOCTeH. 

IIpHHHHOH fle(})opMaLi,HH pa3HOo6pa3Hbix coopy)KeHHH nacTO aBJiaeTca pa3BHTHe 
npou,eccoB cy(p(})03HH c o6pa30BaHHeM 3aTeM 30H pa3ynnoTHeHHa h npoca#OK rpyHTa. Oco- 

SeHHO HHTeHCHBHO 3TH npOU,eCCbI pa3BHBaK)TCa B HeCB33HbIX rpyHTaX UOJS, B03fleHCTBHeM 

npoxoAameM BOflbi, t. e. npoSneivia b oSmeM BH^e cboahtcji k noncKy 30H jioicajibHoro 
yBJia>KHeHHa, KOTopbie ^OBOJibHO ycneniHO BbiaBJiaiOTca c noMombio reopaflHOJiOKau,HH. 
IIpou,eccbi cy(p(})03HH 3HaHHTejibHO ycKopaiOTca b Meerax jioicajibHbix npoTeneK Ha Teiuio- 
Tpaccax h b flpyrnx TpySonpoBOflax. 



> 1 > 2 >3 >4 >5 




OrpyKTvpHbie HapymeHiie 



BayiyHHbifi rpvHT 




3oHa 
npoMep3aHHfl 

BanyHHbiH rpyHT 



FlecoK 
nbmeBaTbiH 



8" °- 
°= CD 

1 Q 
9| 
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Phc. 2 - OparMeHTbi paaaporpaMM c Bbi/iejieHHbiMH CTpyioypHbiMH HapyuieHHaMH, 
Henocpe^CTBeHHO iior onopoM cnpaBa HajieBO noa yraoM 30 rpa^ycoB npoxo^HT flHCJioicaijHa 



fleMcTBHe nofl3eMHbix boa oSycjiOBJiHBaeT KpaiiHe HepaBHOMepHbie H3MeHeHHa (pH- 
3HnecKHx cbohctb rpyHTOB. YBenHHeHHe, BcrmecK aMnjiHTyflbi CHraana Ha 15 - 20 % ot 
oSmero 3HaneHHa Ha stom ynacTice jibho yica3biBaeT Ha HajiHHHe yBJia>KHeHHbix rpyHTOB. ^h- 
3JieKTpHnecKaa npommaeMOCTb, a cueflOBaTejibHO, h CKopocTb pacnpocTpaHemia 3Jieiopo- 
MarHHTHbix bojih He3HaHHTejibHO 3aBHcaT ot THna rpyHTOB h onpeflejijnoTca, raaBHbiM o6pa- 
30m, hx BJiaroHacbimeHHOCTbio. 

OflHHM H3 apKHX npHMepOB, HJIJHOCTpHpyiOHIHX 3TOT (paKT, JIBJiaeTCa TO, HTO npH H3- 

MeHeHHH BJia>KHOCTH b necKax Ha 10 - 15 % KHHeivtaTHKa h ^HHaMHica ajieierpoMarHHTHbix 

BOJIH H3MeHHTCa BeCbMa 3HaHHMO 3a CHeT H3MCHeHHa yCJIOBHH nOJiapH3an,HH, npOBOflHMOCTH 
H flH3JieKTpHHeCKOH npOHHU,aeMOCTH. 
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Phc. 3 - IlpoaoJibHaa pa^aporpaMM napamienbHO o6cJieayeMbiM (j)yH/iaMeHTaM c BbmeneHHeM 
reoJiorHHecKHX CTpyKTyp h 30H noBbinieHHOH BJia>KHOCTH 



Ha ocHOBaHHH npo(})HJia nocrpoeH ycjiOBHbin reojiorHnecKHH pa3pe3, kotopwh npe#- 
CTaBJieH Ha pnc. 4. YcjiOBHwe o6o3HaneHHJi k pa3pe3y npHBefleHbi Ha pncymce. 
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Phc. 4 - ycjioBHbiH reojiorHHecKHH pa3pe3, nocTpoeHHbifi no ^aHHbiM reopa^apHbix o6cjieaoBaHHH 

TeopaflapHbie H3MepeHHa flann flocTaTOHHO neTicyio KapTHHy cocToamia rpyHTOB b 
npe^ejiax oScjieflOBaHHbix ynacTKOB. AHauH3 nojiyneHHbix aaHHbix no3BOJiaeT cflenaTb cue- 
#yio inne BbiBOflbi b cooTBeTCTBHH c nocTaBJiemiOH 3aflaneH: 

1 . DiyGHHa npoMep3aHHa rpyHTOB y onop cocTaBJiaeT okojio 1 m. 

2. BbiaBJieHHbie 30hm noBbinieHHOH BJiaacHOCTH rpyHTOB jioKajiH3yiOTca Henocpe#- 
CTBeHHO BOKpyr h nofl onopaMH. IIo-BHflHMOMy, b KOTJiOBaHax fljia onop 6buia BO#a, a pa3- 
Mepw 30H noBbimeHHoro yBJia>KHeHHa (2 — 5 m no BepTHKann h 3 -10 m no ropH30HTajiH) 

CBHfleTeJIbCTByiOT O TOM, HTO BOflbl 6bIJIO flOCTaTOHHO MHOrO. 

3. CneflyeT oacn^aTb flajibHenmeH npoca^KH onop j\o Tex nop, noica BO#a He nepe- 
pacnpeflenHTca H3 yKa3aHHbix 30H b oicpy^Kaio inne rpyHTbi. 

4. Ha nepepacnpefleneHHe BOflbi H3 30h noBbimeHHoro yBJiaacHemia b oicpy>Kaio inne 
rpyHTbi h, cooTBeTCTBeHHO, Ha npoca^Ky onop oicaacyT BJinaHHe 6jiH3pacnojio>KeHHbie rpyH- 

TOBbie HeOflHOpOflHOCTH. 

5. Ha ynacTKax c BbiaBJieHHbiMH 30HaMH noBbinieHHOH BJia>KHOCTH peKOMeH^yeTca 
KOHTpojinpoBaTb CTeneHb nepepacnpeflejieHHa boam y onop Tpy6onpoBO#a H3 30h noBbi- 
meHHoro yBJiaaoieHHa b oicpy>Kaio inne rpyHTbi. TaKOH MOHHropmir mojkct SbiTb onepaTHB- 
ho BbinojmeH reopa^apHbiM 30HflnpoBaHHeM. 
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B cmambe npednazaem.cn MexanmecKuu npunuun 
dun pacnema ycmomueocmu omxocoe. Ha ezo oc- 
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SURFACES OF SLIDING AND LIMIT 
PARAMETERS OF THE NON-UNIFORM 
AND ANISOTROPIC SLOPES 



Abstract: 

The article proposes a mechanical principle to cal- 
culate slopes ' stability. The theory of calculation of 
their stability is based on it. The basic equations of 
conditions of a displacement prism equilibrium are 
derived. Differential equations that determine the 
geometry of a potential slip surface are received. 
The solution of the problem in terms of the methods 
of the variations calculus is given. The questions of 
slip surface refraction in anisotropic rock mass are 
discussed. 

Key words: slope, equilibrium condition, stability, 
composite function extremum, differential equa- 
tion, slip surface, anisotropy, torsion angle. 



PaccMOTpHM ynacTOK ropHoro MaccHBa (npH3My CMemeHHa), KOTopwH momcct CMe- 
maTbca no HeKOTopoft nponBBOJibHOH noBepxHOCTH CKOJib>KeHHa. Pa3o6beM nproMy CMeme- 
HHa Ha OTceKH h npeflnojio>KHM, hto (nyHKiiHa noBepxHOCTH CKOJib>KeHHa H3BecTHa. Toivia CH- 
CTeMa (npH3Ma CMemeHna), cocToamaa H3 n OTceKOB HMeeT 2n CTeneHeft CBoSoflbi, to ecTb 
KaacflbiH OTceK momcct He3aBHCHMO nepeMemaTbca no rniomaflKe CKOJibaceHna n BpamaTbca 

OTHOCHTeJIbHO HeKOTOpOH TOHKH. OflHaKO 3aMeTHM, HTO BpameHHe OTfleJIbHblX OTCeKOB He 

BJinaeT Ha ycTOHHHBOCTb npH3Mbi CMemeHHa b nejiOM, a npHBOflnr jihiub k ee flecpopMnpoBa- 
hhk) 1 . IIo3TOMy Yi CTeneHen cboSoabi, oSycjiOBJieHHbix BpameHneM otcckob, mo>kho hckjho- 

HHTb H3 paCCMOTpeHHS. ECJIH npH CMeHieHHH npH3MbI OTCeKH B3aHMOfleHCTByK)T MOKfly co- 
Son, 3to CBH^eTejibCTByeT o chctcmc c y#ep>KHBaiomHMH CB33aMH. TaKOH xapaKTep Hapynie- 
HHa ycTOHHHBOCTH 6y#eT HMeTb MecTO Tor/ia, Kor^a HH>Kepacnojio>KeHHbie otcckh CMoryT ne- 
peMemaTbca Jinnib no# B03flencTBneM Bbiniepacnojio>KeHHbix. IlpH BbinojiHeHHH nocjieflHero 
ycjiOBna CHCTCMa 6y#eT HMeTb OflHy CTeneHb CBoSoflbi, b KanecTBe oSoSmeHHon KoopflHHaTbi 
momcho BbiSpaTb, HanpHMep, ropH30HTanbHoe CMemefflie, OflHHaKOBoe fljia Bcex otcckob. 

YcjiOBHe paBHOBecna npn3Mbi CMemeHHa b oSmeivt BH^e onpeflenaeTca ypaBHeHHeM 

[1-3]: 

\ [j{y - yW -f)~ C(l + y' 2 )+ (r + JE')y']dx + - tf 0 ) - /ft - 7 0 ) = 0 , (1) 
tjxq y - oSbeMHbiH Bee ropHbix nopofl; y,y - (pyHKUHH jihhhh OTKoea h noBepxHOCTH ckojib- 

>KeHH3, COOTBeTCTBeHHO; y— npOH3BOflHaa (nyHKIIHH nOBepXHOCTH CKOJIb>KeHHa; 



1 3flect pent imeT o He3HaHHTejibHBix ^efbopMaiiHax, KOToptie He npuBe/iyT k coctohhhio cHcreMti, pe3Ko ot- 

JIHHHOH OT TOH, ffJIK KOTOpOH COCTaBHaHOCB yCJIOBHe paBHOBeCHH. 
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T 0 ,E Q ,T l ,E i - BHeniHHe KacaTejibHbie h HopMajibHbie peaKHHH Ha BepTHKanbHbix rparoix 
npH3Mbi CMemeHHa, cooTBeTCTBeHHO, cueBa h cnpaBa; / = tg(p - Kosc^HHHeHT BHyTpeHHero 
TpeHHa (TaHreHC yrjia BHyTpeHHero TpeHHa); C - cnenjieHHe MaccHBa ropHbix nopofl; 

E',T' - COOTBeTCTBeHHO, npOH3BOflHbie (J)yHKHHH HOpMajIbHOH H KacaTeJIbHOH COCTaBJUIIOIHHX 

mokSjiokoboh peaKHHH no apryMeHTy. 

ilpn yraax HaiaiOHa noBepxHOCTH CKOJib>KeHHa, npeBbiniaioiHHx yron BHyTpeHHero 
TpeHHa (p. > cp) , ycjiOBne paBHOBecna nproMbi CMeuieHna onpeflejiaeTca ypaBHeHHeM 

' ■Ay - ,v)(y - /) - c(i + £ ) L +{Ei _ Eo) _ f{Ti _ To)=0 (2) 
1+ y J 

A fljia ynacTKOB c yrnaMH HaKJiOHa noBepxHOCTH CKOJib>KeHHa {&. < cp) ycnoBHe paB- 
HOBecHa HMeeT bh#: 



^-■ vlv '- f }; C{l + y % + (E,-E 0 )-f(T,-T^ 0 . (3) 



IlOBepXHOCTb CKOJIb>KeHHa B MaCCHBe MO>KeT 3apO>KflaTbCa B OflHOpOflHblX MaccHBax 

BCJieflCTBHe flencTBHa rpaBHTaHHOHHbix chji, MO>KeT SbiTb npeflonpeflejieHa reojioranecKHM 
CTpoeHneM MaccHBa (TeKTOHHnecKHMH HapyiueHHJiMH, TpeiHHHOBaTOCTbio pa3JiHHHbix paHroB, 

CJIOHCTOCTbK), CJiaHHeBaTOCTblo) HJIH SBJiaTbCa CJieflCTBHeM HX KOMSHHaHHH. KpoMe Toro, H3 

ypaBHeHHH (2, 3) bh^ho, hto npH3Ma CMeuieHna MO>KeT HaxoflHTbca b paBHOBecHH KaK b cbo- 

SoflHOM COCT03HHH, TaK H nOfl fleHCTBHCM BHeHIHHX CHJI. 

OnpeflejiHM npeflenbi npHMeHHMOCTH (J)yHKHHOHajia (2). ^eno b tom, hto juw npncyT- 

CTBHJI MeMcSjIOKOBblX CB33eH HeoSxOflHMO, HToSbl BbIHiepaCnOJIO>KeHHbIH (BflOJIb nOBepXHOCTH 

CKOJib>KeHHa) OTceK HMen Sojibuiyio 3Heprnio, neM HH>Kepacnojio>KeHHbiH. JSjm BbinojiHeHHa 
3Toro TpeSoBaHHa HeoSxoflHMO 

— >0 

dx 

trqF - noflbiHTerpanbHoe Bbipa>KeHHe (J)yHKHHOHajia (2). 

CnHTaa BbicoTbi cmokhmx OTceKOB paBHbiMH, nojiynaeM cjieflyiouiee HepaBeHCTBo: 

^ = /(l + 2#-j/ 2 )>0, (4) 
ax 

trq y" - BTopaa npoH3BOflHaa (J)yHKHHH noBepxHOCTH CKOJib>KeHHa no x . 

YnnTbiBaa, hto 4)yHKn,na noBepxHOCTH CKOJib>KeHHa BorayTaa, onpeflejiaeM MaKcn- 
ManbHO B03MO>KHoe 3HaneHne npon3BOflHon (J)yHKnnH noBepxHOCTH CKOJib>KeHHa, onpeflena- 
eMoe (J)yHKLi,HOHajiOM (2). TaKHM o6pa30M, coraacHO HepaBeHCTBy (4), MaKCHMajibHbin yron 
HaKJiOHa 3apo>KflaiomeHC5i noBepxHOCTH CKOJib>KeHHa (b npeflenbHOM paBHOBecnn) He MO>KeT 

npeBbimaTb BejiHHHHbi ■& i < — + — . OflHaKO ecuH noBepxHOCTb CKOJibaceHna npeflonpefle- 

\4 2) 

jieHa reojioranecKHM CTpoeHneM MaccHBa, a yron noBepxHOCTH ocjiaSjieHna npeBbimaeT npe- 
flenbHbiH, to b 3tom cjiynae Me>K6jiOKOBbie cb»3h (peaKHHH) He coBepmaiOT paSoTy no nepe- 
MemeHHio. 3to >Ke othochtcji k BbinyiaiOH noBepxHOCTH CKOJib>KeHHa. IIosTOMy npn ncnojib- 
30BaHHH (J)yHKHHOHajia (1) ycnoBHe paBHOBecna 6y#eT HMeTb bh#: 

J[Y(^-^)(/-/)-c(i + / 2 )]^+(£ 1 - J B 0 )-/(r 1 -r 0 )=o. (5) 

TaKHM o6pa30M, (J)yHKHHOHajiaMH (2, 3, 5) onncbiBaiOTca ycjiOBHa paBHOBecna no npo- 

H3BOJIbHOH nOBepXHOCTH CKOJIb>KeHHa. 

PaccMOTpHM aHH30TponHbiH otkoc. Ilofl aHH30TponneH b oSnieM cjiynae 6y#eM noHH- 
MaTb CHCTeMy noBepxHOCTen ocjiaSjiemia c xapaKrepncTHKaMH nacnopTa nponHOCTH C' h 
/' = tgcp' , KaK npaBHJio, MeHbHiHMH, HeM noKa3aTejiH nponHOCTH MaccnBa C h cp . PaccMOT- 
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Phm BHanajie npoH3BOJibHbiH nnocKHH otkoc, pa3pynieHHe KOToporo npoH30HfleT no noBepx- 
hocth CKOJib>KeHHa, nojiHOCTtio coBna^aiomeH c iuiockoh noBepxHOCTbio ocjiaSjieHHa 
(pnc. 1). OneBHflHO, H3 nocTaHOBKH 3a^aHH HMeeM ycjiOBHe oc> P . Ecjih p < (p', to pa3pyme- 
HHe OTKOca npoH30HTH He MO>KeT, no3TOMy 6y#eM hcxoahtb h3 HepaBeHCTBa P > cp' . 

IloMecTHM Hanaro npaMoyrojibHOH CHCTeMbi Koop^HHaT b Tonicy Bbixo^a noBepxHOCTH 
oonaSjieHHji b otkoc, Tor^a ycnoBHe paBHOBecna 6y#eT hmctb bh# [1,2]: 



Hctga 



y(Ax-tgPx)(t g p-/) 
l + tg 2 p 



-C 



Hctga+a 



dx+ | 



//ctga 



Y (//-tgPx)(tgP-/) 
l + tg 2 p 



-C 



dx = 0 . 



OTKy/ia npeflenbHaa BbicoTa OTKOca Bbipa3HTca 3aBHCHMOCTbio [1,2]: 



_ , tga + ^/tgatgP _ h' 

tga-tgp 1-^ctgatgp 



(6) 




Phc. 1 - CxeMa k pacneTy npe^enbHbix napaMeTpoB aHH30TponHoro OTKOca 



cDopMyna (6) peKOMeH^yeTca IIpaBHJiaMH [4] h nojiyneHa H3 ycnoBHH reoMeTpHnecKOH 
CTaraKH. O^HaKO, KaK noKa3aHO Bbinie, OHa aBJiaeTca cneflCTBHeM Sojiee oSmero ypaBHemra. 
3aMeTHM, hto b cjiynae, Kor^a P>7i;/4 + (p72,B icanecTBe ycroBHa paBHOBecna HeoSxoflHMO 

HCnOJIb30BaTb (})yHKHHOHajI (5), KOTOpblH TaiOKe npHBOflHT k (})opMyjie (6). 

PaccMOTpHM Tenepb Sojiee oSihhh cjiynaM noTepn ycTOHHHBOCTH aHH30TponHoro ot- 
Koca h MeTOflHKy onpefleneHHa ero npeflejibHbix napaMeTpoB (pnc. 2). B stom cjiynae noBepx- 

HOCTb CKOJIb>KeHH» MO>KeT HaCTHHHO COBna^aTb C nOBepXHOCTSMH aHH30TpOnHH H npOXOflHTb 

BKpecT ee, nofloSHO noBepxHOCTH b oflHopoflHOM otkocc B stom cjiynae ycnoBHe paBHOBecna, 
a TaiOKe yron H3JiOMa 9 cymecTBeHHO 3aBHcaT ot Koop^HHaT ToneK H3JiOMa, yraa na^eHHa 
noBepxHOCTeM ocnaSjieHHa, a TaiOKe ot (J)H3HKO-MexaHHHecKHx cbohctb nopofl B^ojib huocko- 
CTeft aHH30TponHH h BKpecT ee. 

OrpaHHHHMca paccMOTpeHHeM cjieflyiomeH pacneTHOH cxeMbi. IlycTb b MaccHBe HMe- 
K)Tca nnocKHe noBepxHOCTH ocnaSjieHHa, na^aiomHe b CTopoHy BbipaSoTaHHoro npocTpaH- 
CTBa nop, yrnoM P >cp' k och x . B stom cjiynae noBepxHOCTb CKOJib>KeHHa MO>KeT nacTHHHO 
coBna^aTb c noBepxHOCTaMH ocjiaSneHHa. 
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PMC. 2 - IlOBepXHOCTb CKOJlb>KeHHH B aHH30TpOIIHOM OTKOCe 

HeoSxoflHMO onpeflejiHTb ycnoBHe b tohkc nepeceneffiui 3thx noBepxHOCTeM c kphbo- 

JIHHeHHOH HaCTbK) nOBepXHOCTH CKOJIb>KeHHa, nOCTpoeHHOH flJia H30TpOnHOH HaCTH MaCCHBa 

Ha ynacTKe $ ><p . IIpeflnojiOMCHM, hto HaMfleTca TaKoM napaivieTp n > 0 , oflHHaKOBbiH flua 
Bcex OTceKOB, h, ecjiH Ha Hero pa3flejiHTb BejiHHHHy cnenjieHHa (hjih yMHO>KHTb oSbeMHbiH 
Bee), ycnoBHe npeflenbHoro paBHOBecna 6y#eT BbinojmaTbca b KaacflOH tohkc noBepxHOCTH 
CKOJib>KeHHa. IIoMecTHM Hana.no CHCTeMbi Koop^HHaT b TOHKy nepeceneHHa noBepxHOCTH 
CKOJib>KeHHji c otkocom h, Hcnojib3ya (J)yHKHHOHaji (2), nojiyHHM cjieflyioiHyio 3a#any Bapna- 

HHOHHOrO HCHHCJieHHa: 



r#e g - nocToaHHaa; X = C/yn , X,' = C 7 yn - 3aBeflOMO HeH3BecTHbie napaMeTpw, onpeflejia- 
lomne npeflenbHyio BbicoTy OTKoea (oneBHflHO, X' = (C7 C)X). 

YcJIOBHe B TOHKe H3JIOMa nOBepXHOCTH CKOJIb>KeHHa HMeeT BHfll 

F x + (O' - y[ )F ly[ = F 2 + ($' - y' 2 )F 2y , , (8) 

iTje Fj , F 2 - noflbiHTerpanbHbie Bbipa>KeHHa cuaraeMbix (7); F ly ^ , F ly ^ - nacrabie npoH3BOfl- 

Hbie noflbiHTerpanbHbix Bbipa>KeHHH no npoH3BOflHOH (J)yHKHHH noBepxHOCTH CKOJib>KeHHa; 
O' - npoH3BOflHaa (J)yHKHHH, no KOTopon nepeMeniaeTca TOHKa pa3pbiBa (noBepxHOCTb ocjiaS- 
jieHHa). 

YcjiOBne (8) 3annmeTca TaK: 

tg¥-tgcp tgp - tgcp r , J + 2tg(ptgy-tg> 

TTW " TT^p" + (tgP - tgv) (i^gV) 2 - — ' (9) 

r^e \\f - yron HaiaiOHa noBepxHOCTH CKOJib>KeHHa k och x (k ropH30HTy) b tohkc npenoMJie- 
hhs; h - raySHHa tohkh H3JiOMa (paccToaHHe no BepraKajiH ot noBepxHOCTH OTKoea huh 

SepMbI flO TOHKH H3JIOMa). 

PaccMOTpHM 3a^any o npejiOMJiemni noBepxHOCTH CKOJib>KeHHa BCJieflCTBne ee nepe- 
xo^a b jiHTOJiorHnecKHH cjioh c HHbiMH MexaHHHecKHMH xapaKTepHCTHKaMH. AHanoroM no- 
CTaBJieHHOH 3a^aHH aBJiaeTca 3a#ana o npejiOMJieHHH jryna CBeTa Ha rpaHnne cpefl c pa3HbiMH 
onTHnecKHMH huothoctjimh b nocTaHOBKe npHHHHna cDepMa (1660 r.). IIpHMeM \\i ><p - yron 
HaKnoHa noBepxHOCTH CKOJib>KeHHa k och x ro npejiOMJieHna; P - yron HaiaiOHa KonraKra 
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jiHTOJiorHnecKHx cuoeB k och x ; co > cp - yron HaiaiOHa noBepxHOCTH CKOJib>KeHHa k och x 
nocne npenoMJieHHa (cjioh c napaMeTpoM X); C', cp' - MexaHHHecKne xapaKrepncTHKH jihto- 
jioraHecKoro anoa, b kotopwh nepexoflnr noBepxHOCTt CKOJib>KeHHa. CocTaBJiaa Bbipa>KeHHa, 
nofloSHbie (7) h (8), c Hcnojib30BaHHeM c{)yHKnHOHajia (2), nonynHM ypaBHeHHe: 

tgvK-tgcp _ tg^-^cp: + (tgp _ w) l^K^cptgvji-tgV _ (tgp _ ^ l + 2tgcp^-tg^ ^ ?^ 
l + tg 2 \|/ l + tg 2 co ' (l + tg 2 \|/) 2 (l + tg 2 co) 2 h 

AHajiH3Hpya ycnoBHe (10), 3aMenaeM, hto b cnynae C = C", cp = cp' , npenoMJieHHa no- 
BepxHOCTH CKOJib>KeHHa He npoHexoflHT, to ecTb \|/ = co . KpoMe Toro, oneBHflHO, hto noBepx- 
HOCTb CKOJib>KeHHa He MO>KeT nocne npejiOMJieHna BepHyTbca b nepBOHanajibHbiH jiHTOJiora- 
necKHH cjioh, to ecTb npeflejibHbiM 3HaneHHeM yrjia CO aBJiaeTca yron P . B 3tom cjiynae 
CKOJib>KeHHe npoH30HfleT no napanjiejibHOH hjih coBna^aiomeH c KOHTaKTOM noBepxHOCTH. 
IIojio>khb b ypaBHeHHH (10) co = P , nojiyHHM ycnoBHe (9). 

PaccMOTpHM npHMep pacneTa HeoflHopoflHoro OTKOca. TpeSyeTca onpeflejimb npe- 

flenbHyio BbicoTy OTKOca H , cocToamero H3 flByx ropH30HTajibHO 3ajieraiomHx cuoeB ( P = 0° 
), BepxHHH cjioh HMeeT MonjHOCTb, paBHyio 1/3H , npn cjieflyioniHx ycjiOBHax (HyMepanna 
cuoeB CHH3y): a = 40°;y=Y 1 =2,5t/m 3 ;C 1 = 2t/m 2 ;C = 10t/m 2 ;(P 1 =25°;(p = 30° . 

IIpeflnojio>KHM, hto b TOHKe H3JiOMa noBepxHOCTH CKOJib>KeHHa BbinojiHaiOTca ycnoBHa 
\|/ > cp, co > cpj , a aScHHeca tohkh H3JiOMa x 0 Haxoflnrca nofl otkocom. Tor^a ypaBHeHna no- 

BepXHOCTH CKOJIb>KeHHa B HH)KHeM CJIOe HMeiOT BHfl [3] I 



< v.'< 



fy\ -2f yi+k-f + kf 2 j 

1 + / 2j 2 -(£ + 3/> 2 + 2kjy 2 +k-f 
r^e T|(/?)- HeKOTopaa <|)yHKii,HJi napaMeTpa p = y . 

IlpoH3BOJibHaa nocToaHHaa ^Jia nepBoro ypaBHeHHa nojiyneHa H3 ycjiOBHa TpaHCBep- 
canbHOCTH Ha nepeceneHHH noBepxHOCTH CKOJib>KeHHa c otkocom, a fljia BToporo - H3 ycjiOBHa 
paBeHCTBa npoH3BOflHbix b TOHKe y[ = y' 2 = tgcp . 

YpaBHeHHe noBepxHOCTH CKOJib>KeHH» no,zj otkocom nocne npejiOMJieHna HMeeT bh# 

[3]: 

kx-y^^+d,) — 5 j—A^l-—— =(X 1 + d l )t\ 3 {p). 
2y, -{k + 3f l )y i + 2kf l y 3 +k-f l 

Jljm onpefleneHHa yrnoB noBepxHOCTH CKOJibaceHna no o6e ctopohm ot tohkh H3JiOMa, 
aSciniccbi h raySHHbi tohkh H3JiOMa h , a TaK»ce napaMeTpa \ + d l cocTaBJiaeM ycjiOBHa: 



tg¥~tgcp _ tgco-tgcp, + ^ _ tgy ^ l + 2tg(ptgv-tg y _ _ tg ^ l + 2tg(p 1 tg(D-tg co = J, C 

l + tg> l + tg 2 co (l + tg>) 2 ° & (l + tg 2 co) 2 



A = 0i, + d, ) : T 

1 1 ; 2tg 3 co - (k + 3f x )tg 2 co + 2&/Jtgco +k-f x 

h = x l±K (i+tg>) 2 

1 + f 2 2tg > - (* + 3/>g > + 2#tg ¥ + k-f' 
h + 2H/3 



x 0 — 



k 
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tg<p 



Hip) 



dp + j" 



m Xr\ 2 {p) 



<p k P t e<P k P 



dp = x 0 . 



2 4 



rpe T\'{p)- npoH3BOflHaa <|)yHKii,HH no napaMeTpy p . 

YpaBHeHHe noBepxHOCTH CKOJibMcemia nop SepMoii HMeeT Bnp [2]: 

c, (i + X 2 ) 2 



H-y,= 



y 2y': -3fJ A 2 - f x 



IIpoH3BOflHyio noBepxHOCTH CKOJib>KeHHa Ha rpamme ynacTKOB OTKOca h SepMbi b 
onpeflenaeM H3 ycnoBHa OTcyTCTBHa ee H3JiOMa: 



C, 



2b 3 -(k + 3f 1 )b 2 +2kf l b + k-f 1 y 2b'-3f x b 2 -f x ' 
H, HaKOHeu,, CHCTeMa ypaBHeHHii, Tpe6yic>maa BbinojiHeHHa ycnoBHa npeflenbHoro paB- 
HOBecHa h ocymecTBJiaiomaa CBJi3b X n H : 



tg<p 

I 



2 4 



— n J 



k - p 



tg<p 



\ + p 2 



kt\ 2 {p)-C 



H(p) 



k- p 



dp + 



+ 



lip-A) 



tgmL 
tg<P 



(K+dMp)-^ 



i+ / 



71 Cp 

(x 1 +rf 1 KW 4 , + cf yT(p-/i) 



k- p 



1 + y 



a+(p 7t 
2 4 



4,+ f^MW^ + f (WiKM ^g 
i i k ~P k 



tgco 



,H,aHHbix ypaBHeHHii flocTaTOHHO fljia onpefleneHHa Bcex HeH3BecTHbix. 

PaccMOTpHM npHMep pacneTa aHH30TponHoro OTKOca. TpeSyeTca onpeflenHTb npe- 
flenbHyio BbicoTy OTKOca H , HMeiomero noBepxHOCTb 0CJia6neHHa, Bbixoflamyio b ero ocho- 

BaHHe nop yraoM (3 = 20° . cDroHKO-MexamiHecKHe xapaierepHCTHKH nopofl h noBepxHOCTH 

ocjiaSneHHa: y = 2,5t/m 3 ;C' = 5t/m 2 ;C = 10t/m 2 ;cp' = 15°;cp = 30° , yron OTKOca a = 40°. 

IlpeflnojiTOKHM, hto yron HaKJiOHa KpHBOJiHHeiiHoii nacTH noBepxHOCTH CKOJibMceHHa b 
TOHKe npenoMJieHHa noBepxHOCTH CKOJibMceHHa f xp h TOHKa npejiOMJieHHa HaxoflaTca nop 
otkocom, Tor^a ee <})opMa onncbiBaeTca ypaBHemuiMH [2, 3]: 



kx — y 2 = (A + d) — - 



2y' 2 i -{k + 3f)y' 2 2 +2kjy' 2 +k-f 



= {A + d}] 2 (p), y 2 > tg<p, otkoc 



H v - C —^±l3— C 7l(n\ 

" y -7 2y: r 7 ' h[p) - 



tg(p<y[<tg 



+ r 



4 2 



6epMa 



TaHreHC yrna HaiaiOHa noBepxHOCTH CKOJibaceHHa b TOHKe CTbiKa OTKOca h 6epMbi b 
onpe/ieJiHTCfl H3 ypaBHemia: 
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{X + d)~ 



C (\ + b 2 J 



2b'-{k + 3f)b 2 +2kfb + k-f y 2b 3 -3ft> 2 - f ' 
YcjiOBHe b TOHKe CTbiKa HMeeT BHfl (9): 

tg¥~tgcp _ tgft-tgcp' , _ J + 2tg(ptgy-tg> _ x-r 
1 + tgV " l + tg 2 (3 + W-tgVJ (l + tg>)2 - h 

BwcoTa tohkh H3JiOMa Bbipa^aeTca ypaBHeHHaMH: 

(1+tgV) 2 



h = (X + d) 



A6cU,HCCa TOHKH H3JIOMa: 



2tg V ~(k + 3/)tg > + 2#tgy + k-f 
h = {k- tg(3)x 0 . 

K tg ¥ * 



rfle (i 7 ) — npoH3BOflHaa (pyHKixHH no napaMeTpy p . 

CncTeMa ypaBHeHHH fljia onpefleneHHa X + d h H 



*oy{kx - tggxXtgg - tgcpQ - C'(\ + tg 2 p) 



+ 



(l + tg 2 p) 



1 



1 + 



(?i + j)yri 2 (p)-C 



(x+dXip) 



k- p 



dp + 



p-f 
1 + / 



■n 3 (p)-i 



T\\{p) 



~P 



dp = 0, 



r (A.+</)n 2 (p) j r c w 2C' [7i (p 

tg(3x 0 + ^^ii^Z ^ + r,; + — tg - + ^ 

J k-p { y Y 14 2 



,H,aHHbix ypaBHeHHH ^ocTaTOHHO fljia onpefleneHHa Bcex HeH3BecTHbix. 

Ha pnc. 3 noKa3aHbi noTeHHHajibHbie noBepxHOCTH CKOJib>KeHHa h npeflejibHbie napa- 
MeTpw HeoflHopoflHoro h aHH30TponHoro otkocob ^Jia paccMOTpeHHbix Bbinie npHMcpoB. 

B 3aKJiK)HeHHe otmcthm, hto ypaBHeHHaMH (9, 10) He HcnepnbiBaiOTca Bee yanoBHa b 
TOHKax H3JiOMa, KOTopwe MoryT HMeTb MecTO npn penieHHH 3a#an ^Jia HeoflHopoflHbix h ami- 
30TponHbix otkocob. IIofloSHbie ycjiOBHa HaxoflaTca aHanoraHHO c npHMeHeHHeM ypaBHeHHa 
(8) h Hcnojib30BaHHeM cooTBeTCTByiomHx (})yHKLi,HOHajiOB (2, 3, 5), onHCbiBaiomnx ycjiOBHa 
paBHOBecna pjm KOHKpeTHbix yraoB HaKJiOHa noBepxHOCTeft CKOJib>KeHHa h ocnaSjieHHa. 




a = 40' 



a = 40° 



a 6 
Phc. 3 - IlpHMepbi pacneTa HeoflHopoflHoro (a) h ami30TponHoro (6) otkocob 
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RESEARCHING THE INFLUENCE OF 
FRICTION RATIO BETWEEN SAMPLES 
OF VARIOUS HEIGHT AND PRESS 
PLATES ON THE VALUES OF SALT 
ROCKS' MECHANICAL PROPERTIES 



Annotation: 

The influence pattern of friction ratio between sam- 
ples and press plates on ultimate strength, breaking 
strain, specific power intensity of deforming and salt 
rocks modulus fall obtained during compression tests 
on samples of various heights is defined. The results 
obtained are intended for improvement the method- 
ology of rock salt uniaxial compression tests. 



Key words: 

uniaxial compression, butt conditions, friction ratio, 
ultimate strength, breaking strain, specific power 
intensity of deforming, modulus of fall. 



fljia oSecneneHHa 6e3onacHOCTH Be#eHHa ropHbix paSoT Ha Bcex CTa^Hax ropHoro 

npOH3BOflCTBa HeoGxOflHMblM yCJIOBHCM JIBJiaeTCa HajIHHHe o6"beKTHBHOH HH(hopMaiIHH o 

CBOHCTBax nopofl, 6a3HpytomeHca na coBpeMemibix 3KcnepHMeHTajibHbix h TeopeTHHeciarx 
MeTOflax hx onpefleneHHa [1]. Ba>KHeHuiHM ycnoBHeM 6e3onacHoro Be^emm ropHbix paSoT 
aBJiaeTca cooTBeTCTBHe napaMeTpoB CHCTeMbi pa3pa6oTKH ropHO-reojioranecKHM ycjiOBHaM 
KOHKpeTHbix OTpaSaTbiBaeMbix ynacTKOB. IlpH pacneTe napaMeTpoB CHCTeMbi pa3pa6oTKH 
OflHHM H3 ochobhwx noKa3aTejieii ycTOHHHBOCTH ropHbix BbipaSoTOK aBJiaeTca npefleji 
npoHHOCTH Ha oflHOOCHoe cacaTHe. HecMOTpa Ha to hto TOCT 21153.2-84 [2] pernaMeHTH- 
pyeT ycjiOBHa npoBefleHna jiaGopaTopHbix HcnbiTaHHH no onpefleneHHio npedena npoHHOCTH, 
npn MaccoBbix HcnbiTaHHax ropHbix nopofl He Bcer^a ecTb B03MO>KHOCTb npoBecTH 3Kcne- 

pHMeHT B COOTBeTCTBHH C yCTaHOBJieHHblMH TpeSOBaHHSMH. 
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KaK H3BecTH0, 3HaneHHe npeflena npoHHOCTH, nojiynaeMoe npn oahoochom cacaTHH, 
3HaHHTejibHO 3aBHCHT ot BeJiHHHH chji TpeHHa MOKfly TopuaMH o6pa3u,a h nnHTaMH npecca 
[3, 4, 5, 6]: c B03pacTaHHeM chjiw TpeHHa (pHKcnpyeTca yBejiMHemie 3HaneHHa npeflena 
npoHHOCTH, npn 3tom HHTeHCHBHOCTb ee BJiHaHHa Ha nojiynaeMoe 3HaHemie noKa3aTejia c 
yBenHHeHHeM bhcoth o6pa3u,a CHH>KaeTca. HaGjnoflaeMbiM (J)aKT ynpoHHeHHa o6pa3ua o6b- 
acHaeTca (popMHpoBamieM HeoflHopoflHoro Hanpa>KeHHoro cocToaHHa ero npHKOHTaKTHbix 
30H h Bbipa>KaeTca b o6pa30BaHHH «KOHycoB TpeHHa». B cboio onepeflb CHH>KeHHe TpeHHa 
Be/ieT k CTOJiSnaTOMy pa3pynieHHio o6pa3u,a 3a cneT npopacTaHHa cySBepTHKajibHbix Tpe- 
mHH 6e3 o6pa30BaHHa «KOHycoB TpeHHa» [3, 5]. 

HecMOTpa Ha cymecTBeHHoe BJiHamie TpeHHa Ha xapaierep /jecjjopMHpoBaHjra h pa3- 
pyuieHHa, hh b o^hoh h3 yKa3aHHbix paSoT He npHBOA^Tca 3HaneHHa 3aBHCHMOCTH BJinaHHa 
K03(})4)HLi,HeHTa Tpemui Ha onpeflenaeMbie MexaHHHecKne noKa3aTejin. TaKHM o6pa30M, rjis 
coBepiueHCTBOBaHHa mctoahkh HcnbTraHna ropHbix nopofl aieryajibHbiMH aBJiaiOTca nccjie- 
flOBaHHa, HanpaBJieHHbie Ha H3yneHHe BJinaHna K03(|)(|)HiTHeHTa TpeHHa Ha MexaHHHecKne 
noKaBaTenH nopofl npn cacaTHH. 

HccneflOBaHHe bjihjihhji KoscpcpHHHeHra TpeHHa Menajsy TopuaMH h nnHTaMH npecca 
Ha MexaHHHecKne noKa3aTejiH nopofl npn OKaTHH o6pa3u,OB pa3JiHHHOH BbicoTbi npoBOflH- 

JlOCb Ha npHMepe 49 o6pa3HOB TOHKO-CpeflHeCJIOHCTOH KaMeHHOH COJIH YCTb-ilHBHHCKOrO 

ynacTKa BepxHeicaMCKoro KanHHHoro MecTopo>KfleHHa. 

Ko34)4)HU,HeHTbi TpeHHa onpeflenajiHCb Ha yHHBepcanbHOM HcnbiTaTenbHOM kom- 
nneKce «MTS 816» Ha o6pa3u,ax bmcotoh 30 mm h ^naMeTpoM 100 mm KOHTaKTOB 
«cojib-(})ToponjiacT», «cojib-MeTajui», «cojib-a6pa3HBHbiH MaTepnajD) (a6pa3HBHbiH MaTepnaji 
- HiKypica MapKH 12-H C<E)K Y1C). C stoh uejibio o6pa3eu, (pHKcnpoBajica b HH>KHeii MaTpn- 
ue HcnbiTaTenbHOH ycTaHOBKH c noMombio pacTBopa rnnca, a k BepxHen MaTpnue >KecTKO 
KpennnHCb HcnbiTbiBaeMbie MaTepnajibi: a6pa3HBHbiH MaTepnan, jihct (pTopomiacTa, cneuH- 
anbHO H3roTOBJieHHaa MeTajuinnecKaa nuacTHHa. Ka>KflbiH oSpaBeu, npoxoflHJi cepnio 3Kcne- 
pHMeHTOB npn pa3Hbix BejiHHHHax BepTHKajibHOH Harpy3KH: ot 2,4 55,2 Mlla c uiaroM 
4,8 Mlla. CxeMa HarpyaceHHa o6pa3u,a, noMememioro b ncnbiTaTejibHyio ycTaHOBKy, npnBe- 
fleHa Ha pnc. 1. 

Ilo pe3yjibTaTaM HcnbiTaHHH #Jia Ka^KAoro oSpaBua CTponnacb 3aBHCHMOCTb chjiw 
TpeHHa F T p, B03HHKatomeH Me^K^y HcnbiTbiBaeMbiM MaTepnajiOM h tophom o6pa3u,a, ot ne- 
peMeuieHHa h hhjkhch MaTpHHbi ycTaHOBKH c noMemeHHbiM b Hee o6pa3u,OM OTHOCHTenbHO 
BepxHen MaTpnii,bi (pnc. 2). 

60 1Ftp,kH 





Phc. 1 - CxeMa Harpy>KeHHa o6pa3Ha 
npn HcnbiTaHHH Ha «TpeHHe»: 
1 - BepxHJM MaTpnua; 2 - o6pa3eu KaMeHHOH cojih; 
3 - HH>KHjra MaTpnua; 4 - cjioh rnnca; 
5 - nuacTHHa c npHKpenneHHHM HcntiTtiBaeMtiM 

MaTepnajioM. 
N— BepTHKajibHaa cniia, 

Ftp - cniia TpeHHfl Me>Kjiy o6pa3UOM h HcntiTtiBaeMtiM 

MaTepnajioM, 

Fcjm - c^BHroBaa CHJia 



Phc. 2 - 3aBHCHMOCTb chjim TpeHHa F^ot 
nepeMemeHHa h o^Horo H3 o6pa3HOB otho- 
CHTejibHo BepxHen MarpHUii ycTaHOBKH: A h 

B - TOHKH, COOTBeTCTByiOmHe CHJiaM TpeHHa 

noKoa h CKOJib)KeHHa 
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Onpeflejiemie KoscpcpnnneHra TpeHHa noicoa, cooTBeTCTByiomero nmcoBOMy 3Hane- 

HHK) CHJIbI TpeHHS, H K03(|)(|)HnHeHTa TpeHHJI CKOJIbMCeHIM, OnpefleJIJHOmerO BeJIHHHHy CHJIbI 

TpeHHa CKOJib)KeHHa, OKa3biBaiomeH conpoTHBJiemie ^BHiKeHHio b nponecce nepeMemeHHJi 
o6pa3u,a no HcnbiTbiBaeMOMy Mai-epnajiy, ocyinecTBJiajiocb corjiacHO 3aKOHy AMOHTOHa [7, 
8]: 



rjie )j, - K03(})(})HnHeHT TpeHHa noKoa (cicojibaceHHa); N — BepTHKanbHaa CHJia, fleiiCTByiomaa 
Ha o6pa3eu, b HcnbiraTejibHOH ycTaHOBKe; - CHJia ipeHHa MOK^y oSpasnoM h HcnbiTbiBae- 
mwm MaTepnajiOM, KOTopaa onpeflejuuiacb b Toucax AhB (pnc.2), cooTBeTCTByiomHx CHJie 

(K03(})4)HLI,HeHTy) TpeHHJI nOKO» (TOHKa A) H CHJie (K03(})4)HnHeHTy) TpeHHS CKOJIbaceHHS 
(TOHKa B). 

HcKOMbie 3HaneHHa K03(|)(})HnHeHTOB TpeHHa noKoa h CKOJib>KeHHJi (TaSji. 1) onpe/ie- 
jiajiHCb KaK cpe^HHe 3HaneHHa no TpeM o6pa3naM ^Jia Ka>Kfloro Tnna KOHTaKTa. 

TaSjinna 1 

3HaMeHHH ICO >(|)(|)M II IH'll TOB TpeHHH pa3JIHMHMX THIIOB K0HT3KT0B 



KoHTaKT 


K03(J)4)HUHeHT Tpe- 


K03(J)(|)HUHeHT TpeHHS 


HHa noKoa 


CKOJIMKeHHJ! 


«Cojib-a6pa3HBHbifi 


0,50 


0,33 


MaTepHan» 


±0,1 


±0,09 




0,30 


0,23 


«CoJib-MeTanji» 


±0,03 


±0,03 




0,05 


0,01 


«Cojib-(j)ToponjiacT» 


±0,01 


±0,004 



HcnbiTaHna Ha cacaTHe npoBOflHJincb Ha o6pa3nax ^naMeTpoM 100 mm h OTHomeHneM 
BbicoTbi k ^HaMeTpy 0,75; 1,00; 1,25; 1,50 Ha HcnbiTaTenbHon ycTaHOBKe «ToniNorm 2041» 
npn onpeflejieHHbix paHee TopneBbix ycjiOBHax. 

Ha pnc. 3a, 36, 3e npe#CTaBJieHbi 4>OTorpa(|)HH o6pa3u,OB, ncnbiTaHHbix Ha cacaTne, 
c OTHomeHneM BbicoTbi k ^naMeTpy, paBHbiM 1. Ha pnc. 3, a npeflCTaBJieH o6pa3en., ncnbi- 
TaHHbiii npn KOHTaiere «cojib-a6pa3HBHbiH MaTepHan». B ^aHHOM cjiynae Ha Topnax HaSjno- 
flanocb o6pa30BaHne apKO Bbipa>KeHHbix «KOHycoB TpeHHa» (pnc. 3, a), npn HcnbrraHHH 
o6pa3na, KomaKTHpyiomero c MeTaimoM, TaioKe HaSjiKwanocb o6pa30BaHne «KOHycoB 
TpeHHa» (pnc. 3, 6), ho c MeHee hctkoh rpaHnneH. Phc. 3, e cooTBeTCTByeT CTOJiGnaTOMy 
pa3pyuieHHK) o6pa3na, ncnbiTaHHOMy npn KOHraiere «cojib-(|)TopoiiJiacT», 6e3 o6pa30BaHna 
«KOHycoB TpeHHa» 3a cneT npopacTamui cySBepTHKanbHbix TpeuniH. nojiyneHHbie THnbi 
pa3pynieHna cooTBeTCTByiOT #aHHbiM [3, 5, 6]. 




Phc. 3 - Pa3pyiueHHe o6pa3npB KaMeHHofi cojih c oTHoiueHHeM bhcoth k anaMeTpy 1 
npn pa3JiHHHbix TopneBbix ycJiOBHax: 

a - OKarae no a6pa3HBHOMy MaTepnany; 6 - OKarae no MeTanny; e - c5KaTne no (JiToponnacTy 
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Ilo pe3yjibTaTaM 3KcnepHMeHTOB Ha oicaTHe Kaac^oro o6pa3u,a CTponjiacb nonHaa 
flHarpaMMa fle^opMHpoBamui (pnc. 4), h no MeTOflHice, onHcaHHoM b [4], onpeflejisjica cne- 
AyiomHH KOMnneKC MexaHHnecKHx noKa3aTejieM: npe^eji npoHHOCTH, pa3pymaiomaa ^ecpop- 
Mauna, npeflen ynpyrocTH, ynpyraa flecpopMauHa, ceicymHH MO^yjib #e(|)opMaHHH (TaHreHC 
yraa HaiaiOHa npaMOH, npoxoflameft nepe3 Hanaro Koop#HHaT h Tonicy Ha ^HarpaMMe #e- 
4>opMHpoBaHHa, cooTBeTCTByiomyK) npe^ejiy npoHHOCTH), KacaTenbHbiH MOflynb flecj)opMa- 
hhh (TaHreHC yrna HaiaiOHa jihhchhoh nacTH ^HarpaMMw ^ecpopMHpoBaHHa, cooTBeTCTBy- 
K>meH ynpyroM oSnacTH), MO^yjib ynpyrocTH, MO#yjib cna^a (TaHreHC yraa HaiaiOHa jihhch- 
hoh nacTH flnarpaMMbi #e(j)opMHpoBaHHa, cooTBeTCTByiomeH 3anpeflejibHOH oGjiacTH ,zje- 
4>opMHpoBaHHa), y^ejibHaa 3HeproeMKOCTb flecpopMHpoBaHHa. 

40 H <r, Ml la 




e, % 



O 4 8 12 16 



Phc. 4 - XapaicrepHbie flHarpaMMbi fle(j)opMHpoBaHHa, noJiyneHHbie rrpn c>KaTHH o6pa3UOB KaMeHHofi 

COJ1H C OTHOUieHHeM BblCOTbl K flHaMeTpy 1 flUH TOpijeBblX yCJIOBHH: 

1 - «coni>-(J)Toponi[acT»; 2 - «coJit-MeTajui»; 3 - «coJiL>-a6pa3HBHL>iH MaTepHaji» 

fluji aHajiH3a nojiyneHHbix flamibix SKcnepHMeHTajibHbix HcaieflOBaHHH nocTpoeHbi 
KanecTBeHHbie 3aBHCHMOCTH bjihjihhji K03(|)(|)HHHeHTa TpeHHa noKoa MOK^y TopuaiviH o6pa3- 
ua h nnHTaMH npecca npn cacaTHH oSpasupB KaMemiOH cojih pa3JiHHHOH BbicoTbi Ha npefleji 
npoHHOCTH (pnc. 5, a), pa3pyuiaiomyio flecpopMauHio (pnc. 5, 6), yflenbHyio 3HeproeMKOCTb 
Ae(j)opMHpoBaHHa (pnc. 5, e), MOflyjib cna^a (pnc. 5,2). 

Ha pnc. 5, a bh^ho, hto npn othoihchhh BbicoTbi k ^HaivieTpy o6pa3u,a 0,75 h yBejiH- 
neHHH K03(})4)HLi,HeHTa Tpemui noKOJi c 0,1 flo 0,5 npoHexoflHT pocT 3HaneHHa npe^ejia npon- 
hocth c 22 j\o 36 Mlla. IIpH stom pa3pyiuaiomaa flecpopMauHa B03paeraeT c 3 j\o 7% (pnc. 5, 
6), y^enbHaa 3-HeproeMKOCTb flecpopMHpoBaHHa - c 0,5 ao 4,5 MJ^k/m 2 (pnc. 5, e). YBejiHHe- 
HHe OTHomeHHa BbicoTbi k flHaMeTpy c 0,75 #o 1,50 Be^eT k chhjkchhio BJinaHHa ko3(|)(|)hhh- 
eHTa TpeHHa Ha 3HaneHHa npe^ejia npoHHOCTH, pa3pymaiomeH flecpopMauHH h y^ejibHOH 
3HeproeMKOCTH flecpopMHpoBaHHa. TaK rjis o6pa3HOB c OTHOineHHeM BbicoTbi k ^HaivieTpy 
1,50 yBejiHHemie KoscpcpHHHeHra TpeHira c 0,1 flo 0,5 BJieneT 3a co6oh pocT 3HaneHHa npefle- 
jia npoHHOCTH c 20 #o 24 Mlla (pnc. 5, a), pa3pymaiomeH flecpopMauHH - c 2 ^o 3% (pnc. 5, 
6), yflenbHOH 3HeproeMKOCTH flecpopMHpoBaHHa - c 0,5 %o 1,0 MJ1jk/m 3 (pnc. 5, e). IIpH yBe- 
jiHneHHH OTHOineHHa BbicoTbi k flHaMeTpy o6pa3u,a c 0,75 AO 1,50 HaGnioflaeTca pocT MOflyna 
cna/ja: npn othohichhh BbicoTbi k flnaivieTpy 0,75 MOflyjib cna^a c yBejinneHHeM ko3(})4)hli,h- 
eHTa TpeHHa c 0,1 j\o 0,5 H3MeHaeTca c 0,8 j\o 0,4 rila, a npn othouichhh BbicoTbi k flHaMeT- 
py 1,50 - c 1,6 flo 0,8 ma (pnc. 5, z). 
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Phc. 5 - XapaKTep H3MeHeHHa a - npe^ejia npoHHOCTH; 6 - pa3pyinaiomeH #e(|)opMaijHH; 
e - y^eJibHOH 3HeproeMKOCTH #e(J)opMHpoBaHHJi; z - Mo^yna cna^a npn c>KaTHH KaMeHHofl cojih b 
3aBHCHMocTH ot K03(j)(j)HL[HeHTa TpeHHfl noicoa h BbicoTbi o6pa3ua 



B xo^e 3KcnepHMeHTajibHbix HcaneflOBaHHH no royneHHio BJinaHHa TopneBbix yano- 
bhh Ha MexaHHnecKHe noKa3aTejiH conaHbix nopofl npn cacaTHH o6pa3noB pa3JiHHHOH Bbico- 
Tbi onpefleneHbi K03(j)4)Hii,HeHTbi Tpemia KOHTaKTOB : «cojib-a6pa3HBHbiH MaTepHaji», «conb- 
MeTanji», «cojib-(j)ToponjiacT»; npoBe#eHbi SKcnepHMeHranbHbie HcaneflOBaHHa no cacaTHio 
o6pa3ii,OB conaHbix nopofl npn onpefleneHHbix paHee KOHTaKTHbix ycnoBnax; onpefleneH xa- 
paKTep BJinaHna TopneBbix ycnoBHH n BbicoTbi o6pa3na Ha npe#eji npoHHOCTH, pa3pymaio- 
myio fle^opMannio, yflenbHyio 3HeproeMKOCTb fle^opMnpoBaHna, MOflynb cna#a. 

y CTaHOBJieHO , hto c poctom BbicoTbi oSpaBna h yMeHbineHHeM K03(})(|)Hii,HeHTa Tpe- 
Hna Meaqiy ero TopnaMH n roiHTaMH npecca HaSjnoflaeTca CHnaceHne npeflena npoHHOCTH, 
yMeHbineHne y#ejibHon 3HeproeMKOCTH flec})opMHpoBaHHa h pa3pymaiomeH flec})opMaii,HH. 
Ilpn 3tom 4)HKcnpyeTca yBejinneHHe MOflyna cna^a. 

TaioKe HeoSxoflHMO oTMeTHTb, hto HanSojiee nojmo ycnoBHa oflHOOCHoro cacaTna 
oSecnenHBaiOTca npn KOHTaiere «cojib-(|)ToponjiacT», o HeM CBH^eTeubCTByeT CTOJiSnaToe 
pa3pymeHHe bwcokhx o6pa3noB npn ^aHHOM KOHTaKTe 3a cneT npopacTaHHa cy6BepTHKajib- 
hmx TpemHH. 

B paMKax flajibHeiiHiHx ncaneflOBaHHH miaHHpyeTca npoBecTn cepnio flonojmnTejib- 
hmx ncnbiTaHHH c nenbio noBbimeHna CTaTHCTHnecKon 3HanHMOCTH 3KcnepnMeHTajibHbix 
flaHHbix n onpeflejieHHji 4)yHKii,HOHajibHbix 3aBncnMOCTen BH#a 

r^e P 0 — 3HaneHHe MexaHnnecKoro noica3aTejia, cooTBeTCTByiomee OflHOOCHOMy cacaTHio, 
KOTopoe onpeflejiaeTca KaK (|)yHKii,Ha / ot 3HaHeHna MexaHHHecicoro n0Ka3aTe.na P, nojiyneH- 
Horo npn jiaSopaTopHbix ncnbiTaHnax Ha cacaTne b yanoBnax, HecooTBeTCTByioinnx ycnoBH- 

8M OflHOOCHOrO CacaTHJI («OflHOOCHOe CacaTHO) C BblCOKHMH 3HaHeHHaMH K03(|)4)HnHeHTOB 

TpeHHa Ha KOHTaKTax), OTHomeHna bbicotm k #HaMeTpy o6pa3na * h KoscJ^nnneHTa Tpe- 
HHa noKoa )j, Meac^y TopnaMH o6pa3na h njinraMH npecca. ^ 

Ilpn onemce ycTOHHHBOCTH conaHoro MaccHBa Beflymyio ponb nrpaiOT nponHOCTHbie 
xapaKTepncTHKH, nojiynaeMbie Ha o6pa3nax b naSopaTopHbix yanoBnax. 

B HacToamee BpeMa 3aBHCHMOCTH, npnivieHaeMbie #Jia pacneTa 3HaneHHH MexaHnne- 
ckhx noKa3aTejien conaHbix nopofl, b sbhom Bn^e He co^epacaT KoacJ^nnneHTOB TpeHna [9]. 
3aBHCHMOCTH BH^a (1) no3BOJiaT Sojiee tohho onpe^ejiaTb noKa3aTejin conaHbix nopo/i, hto 
b cbok) onepeflb noBbiCHT TOHHOCTb ou,eHKH ycTOHHHBOCTH 3JieMeHTOB CHCTeMbi pa3pa6oTKH. 
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ASSESSMENT THE STABILITY OF TWO- 
LEVEL DUMPS USING "GALENA" 
SOFTWARE 



AHHomaifun: 

IJpoaHaJiusupoeaHbi KoncmpyKijUH omeajioe u mex- 
hojiozur omeajioo6pa3oeaHun deucmeyioujux omea- 
jioe pydnuKa «)Kejie3HUu» OAO «Koedopcmiu 
WK». 

Mccjiedoeana eo3MO0KHocmb yjueHbuieHUR 6epMu 
6e3onacHocmu Meotcdy npycaMU omeajioe CKaJibnux 
nopod do nojioeuHbi eucomu euuienedKaw,ezo npyca. 

C HOMOUfbH) JlUUeH3UOHHOZO npOZpaMMHOZO KOM- 

nueKca «Galena» npou3eedeH pacnem ycmoumieo- 
cmu deyx^npycnux omecuioe CKajibHux nopod c pa3- 
JIUHHUMU 3HCmeHUHMU lUUpUHbl 6epM 6e3onacHocmu 

u eucomu npycoe. Pacnemu noKa3cuiu, imo koh- 
cmpynuuio omeajioe c 6epMou 6e3onacHocmu e nojio- 
euny eucomu euuieneoKamezo npyca modkho chu- 
mamb ycmoimueou (e duana3one u3MeneHUH eucomu 
eepxnezo npyca om 70 m do 120 m). Tlpoiaeedena 
oijenKa eo3MO0KHocmu pci3zpy3Ku aemocajuoceajioe 
<oa 6poeKy» ommca npyca. VcmaHoeneno, nmo em- 
srnue 6ojibiuezpy3Hux aemocauoceajioe muna CAT- 
785C na ycmomueocmb npycoe u omeajioe nennemcn 
He3HanumejibHUM u ne npueodum k Hapyuienuw ux 
ycmomueocmu. 

Knmneeue cuoea: npoeKmupoeauue Kapbepoe, mho- 
zofipycHuu omeaji, eucoma npyca, uiupuna 6epMu 
6e3onacHocmu, ycmounueocmb omeajioe, R03(p(puu,u- 
enm 3anaca ycmomueocmu. 



Abstract: 

Structure and technology of dumping of the Zhelezny 
mine operating dumps, "Kovdorsky GOK" JSC, are 
analysed. 

The possibility of safety berm narrowing between the 
levels of rock dumps up to half of an upper level's 
height is studied. The stability of two-level hard rock 
dumps having different values of safety berms ' width 
and levels ' height was calculated employing the li- 
censed software "Galena ". The calculations showed 
that a construction of dumps having the safety berm 
which height is half of the upper level 's height can be 
considered a stable one (over the range of varying of 
the upper level's height from 70m to 120 m). The pos- 
sibility of unloading dump trucks over the edge of a 
level's slope was assessed. It was established that 
influence of heavy dump trucks like CAT-785C on the 
levels and dumps stability is negligible and doesn 't 
violate their stability. 



Keywords: open pits ' design, multilevel dump, level 's 
height, a safely berm width, dumps stability, stability 
coefficient. 
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OTBajiw, (})opMHpyeMbie npn OTpaGoTKe MecTopo^eHHH nojie3Hbix nciconaeMbix OTKpbi- 

TblM Cn0C060M, flOJDKHbl SblTb, C OflHOH CTOpOHbl, KOMIiaKTHbl, T.K. OHH 3&HHMaK)T flOCTaTOHHO 

Sojibiuyio njioma^b 3eMenbHoro OTBOfla ropHOfloSbiBaiomero npeflnpiiaTHa, c flpyroM ctopohw, 
ycTOHHHBbi. 3a 6onee hqm 50 neT Beflemia ropHbix pa6oT BOKpyr Kapbepa py^HHica «)Kejie3- 
Hbift» o6pa30Banca nenbin noac OTBanoB, cyMMapHaa nnomaflb KOTopwx npeBbiniaeT nnomaflb 
ropHoro OTBOfla. CTpaTernn pa3BHTna npeflnpnaTHa noflpa3yMeBaK)T yraySjieHHe ocHOBHoro h 
paspaSoTKy HOBoro anaTHT-iHTacJ^ejiHTOBoro Kapbepa, hto noflpa3yMeBaeT yBejiHneHHe o6be- 

MOB BCKpblHIH, n03TOMy BOnpOC OneHKH yCTOHHHBOCTH OTBajIOB 3#eCb aBJiaeTca BecbMa aicry- 
ajIbHblM C TOHKH 3peHH5I 3KOHOMHKH H 6e30naCHOCTH. 

fljia paBMemeHHa TpeSyeMbix oSbeMOB nycTbix nopofl b rpaHHnax 3eMejibHoro OTBOfla 
npeAJio>KeHO Hcnojib30BaTb ^ByxbapycHyio KOHCTpyKHHio OTBanoB. BbicoTa nepBoro apyca b 
cpeflHeM cocTaBJiaeT okojio 100 -140 m, BbicoTa BToporo 70 -100 m. Yroji HaiaiOHa OTKOca apy- 
cob OTBajiOB no fleMcTByiomeMy npoeiay cocTaBJiaeT 35°. IHnpHHa njiomaflOK Meayjy apycaMH 
npHHaTa paBHoil nonoBHHe BbicoTbi Bbiuieneacamero apyca. 

Hcxoahoh HH(J)opMaLi,HeH fljia BbinojiHeHHa paSoTbi no floroBopy cjry^CHT T30. . . [1]. 

(I>H3HKO-MexaHHHeCKHe CBOHCTBa OTBajIbHOH MaCCbl TaKOBbi: 

- nnoTHOCTb OTBajibHon Maccbi b MOMeHT OTCbinKH y 0 T = 2,0 t/m ; 

- cnenjieHne C 0T = 3,3 t/m 2 ; 

- yron BHyTpeHHero Tpemui cp = 30°. 

cDn3HKO-MexaHHHecKne CBOHCTBa nopofl ocHOBaHna OTBaua no BbiBeTpenbiM mencaM n 
(J)eHHTaM cjieflyiomne: 

- nnoTHOCTb y 0 = 2,7 t/m 3 ; 

- cuenjieHHe Co = 11 t/m 2 ; 

- yron BHyTpeHHero Tpemia no OTJio5KeHHaM cp 0 = 28,5°. 
KoHCTpyKTHBHbie napaMeTpw OTBaua (HeH3MeHaeMbie): 

- yron HaKJiOHa OTBanbHbix apycoB a s = 35°. 

Ha ocHOBe ^aHHbix, npHHJiTbix b T30 201 1 r., no MOflejinpoBaHHio OTBajiOB 2 n 3 c koh- 
CTpyKu,Hen h pa3MemeHHeM no raioniaflnnpn BapnaHTe 6opTOBoro coflepacaHna 15%, 6bina 
npoBefleHa oneHica yCTOHHHBOCTH OTBanoB no Han6ojiee kphthhcckhm pa3pe3aM 1-4, noica- 
3aHHbiM Ha pnc. 1. 




PMC. 1 - IIjiaHbl OTBajiOB OAO ((KoBflOpCKHH TOK», COOTBeTCTBeHHO, an 6 

Ou,eHKa npoH3BOflHJiacb c ncnojib30BaHHeM jinu,eH3HpoBaHHoro nporpaMMHoro kom- 
njieKca «Galena 6.0». MeTOflmca oneHKH yCTOHHHBOCTH cocToana b pacneTe SanaHca cflBHraio- 
mnx h y/iep>KHBaK)niHx chji no aBTOMaTHnecKH BbiflenaeMon b OTBajibHon Macce HanGojiee 
HanpaaceHHon noBepxHOCTn [2] . 



39 



Rsapez 4 Otval 3 




Raspes 4 Otval 3 




Raapes 4 Otval 3 




J I I I I L 



Rasps z A Otval 3 




Phc. 2 - CxeMbi pacneTa ycTOHHHBOCTH OTBanoB: 

A - pacneT ycTOHHHBOCTH apyca; B - pacneT yctohhhbocth Jipyca c caMOCBanoM; 
B - pacneT ycTOHHHBOCTH OTBana; T - pacneT yctohhhbocth OTBana c caMOCBanoM 
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IIo neTbipeM pa3pe3aM, noica3aHHbiM Ha pnc. 1, Swjih paccMOTpeHbi cjieAyiomHe Bapn- 
aHTbi pacneTa ycTOHHHBOCTH OTBanoB: 

A. PacneT ycTOHHHBOCTH apyca (pnc. 2, A); 

B. PacneT ycTOHHHBOCTH apyca npn ycnoBHH pacnojio>KeHHa 3a^HHx Konec aBTOcaMO- 
CBana CAT-785C Ha paccToaHHH 5 m ot GpoBKH ycryna (66,7 % Maccbi) h nepe#Hero KOJieca Ha 
paccToaHHH 1 1 m ot SpoBKH ycTyna (33,3 % Maccbi) (pnc. 2, B); 

B. PacneT ycTOHHHBOCTH OTBana (pnc. 2, B); 

r. PacneT ycTOHHHBOCTH OTBana npn ycjiOBHH pacnojioaceHna 3a#HHx KOJiec aBTOcaMO- 
CBana CAT-785C Ha paccToaHHH 5 m ot SpoBKH ycTyna (66,7 % Maccbi) h nepeflHero KOJieca Ha 
paccToaHHH 1 1 m ot SpoBKH ycTyna (33,3 % Maccbi) (pnc. 2, T). 

Pe3yjibmambi oijeHKu ycmounueocmu omea/ia u ux ana;iu3 

B pe3yjibTaTe ohchkh ycTOHHHBOCTH OTBana c pa3JiHHHbiMH (popMaMH OTKOca SbiJiH no- 
jiyneHbi pe3yjibTaTbi, npHBefleHHbie b Ta6n. 1 h 2. 

B cooTBeTCTBHH c MeTOflHHecKHMH yKa3aHHaMH BHHMH 1972 r. peKOMeH^yeMaa bcjih- 
HHHa KoacpcpHnHenra 3anaca ycTOHHHBOCTH cocTaBJiaeT Ki. y >\,2 [3]. Tor/ja b TaSn. 1 npn i^.y<l 
(KpacHbiM hbct) OTBan aBJiaeTca HeycTOHHHBbiM, npn 1< i<G.y<l,2 (acejiTbiM nBeT) OTBau aBJiaeT- 
ca HeflOCTaTOHHO ycTOHHHBbiM (HaxoflamHMca b npeflenbHOM coctojihhh), npn i^ 3 .y>l,2 (3ejie- 
HbiH nBeT) OTBan aBJiaeTca ycTOHHHBbiM. Pe3yjibTaTbi oneHKH ycTOHHHBOCTH, npHBefleHHbie B 
Ta6n. 1, nojiyneHbi Ha ochobc ^aHHbix, npHBeflemibix Bbiuie. 



TaGnniia 1 

Ko3(J)(J)HUHeHTbi 3anaca ycTOHHHBOCTH (A" 3 . y ) no pa3pe3aM 1-4 



cp = 30° 


-/v3.y.a 


K 3.y.a. 


-/vs.y.o 


K-i.y.o. 


Pa3pe3 1 OTBana 2 


1,05 


1,00 


1,16 


1,14 


Pa3pe3 2 OTBana 2 


1,08 


1,05 


1,18 


1,17 


Pa3pe3 3 OTBana 3 


1,16 


1,11 


1,22 


1,20 


Pa3pe3 4 OTBana 3 


1,02 | 0,99 | 1,14 1,13 



IlpHMeHaHHe: Kxy.» - K03c|)(})HUHeHT 3anaca ycTOHHHBOCTH apyca; 

Ki.y.x. -K03(j)(J)HHHeHT 3anaca ycTOHHHBOCTH apyca c yieTOM Bimnmm caMOCBana; 
i^3.y.o - K03(J)(J)HHHeHT 3anaca ycTOHHHBOCTH OTBana; 

A"3.y.o.-K03(j)(J)HHHeHT 3anaca ycTOHHHBOCTH OTBana c yneTOM BJinaHHa caMOCBana. 

H3 aHanH3a Ta6n. 1 bh^ho, hto npn cnemieHHH Cot = 3,3 t/ m 2 h yrae BHyTpeHHero 
TpeHHa (p = 30° OTBaubi 2 h 3 no SojibuiHHCTBy paccMOTpemibix pa3pe30B HaxoAJrrca b npe- 
flenbHOM cocToaHHH (1< i<" 3 .y<l,2), b oflHOM cnynae K3. y <\ (hh>khhh apyc OTBana 3 no pa3pe3y 4 
c yneTOM npnrpy3Kn ot caMOCBana) n Jinnib b flByx cjiynaax H3 16 i<" 3 .y>l,2. B nejiOM nofloSHyio 
cnryannto Hejib3a npn3HaTb ycTonnnBon. 

B to ace BpeMa, npoaHajiH3npoBaB napaMeTpbi peanbHO cymecTByioiHHx k HacToameMy 
BpeMeHH OTBanoB Ha npoMnjiomaflice OAO «KoBflopcKnn TOK» (pnc. 3), moxcho npHirra k bm- 

BOffy, HTO HX (pH3HKO-MexaHHHeCKHe CBOHCTBa BblHie H3-3a ynJIOTHeHHS OTBajXbHOH MaCCbl, HeM 

Te, KOTopwe SbiJiH npHHaTbi b npeABapHTejibHbixpeKOMeHflau,nax [1]. OneHica ycTOHHHBOCTH 
y>Ke cymecTByioinHx OTBanoB mctoaom oGpaTHoro pacneTa noKa3biBaeT, hto TaKHe napaMeTpw 
MoryT SbiTb oGecneneHbi npn cnemieHHH (Cot = 3,3 t/m 2 ) h yrae BHyTpeHHero TpeHHacp = 
35°.IlpHMeHHB 3HaneHHe yraa BHyTpeHHero Tpemui, paBHoe cp = 35°, k onemce ycTOHHHBOCTH 
OTBanoB Ha npe^ejibHOM Komype, nonynHM pe3yjibTaTbi, npeflCTaBJieHHbie b TaSji. 2. 
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Ta6jiHu,a 2 

Ko3(J)(J)HUHeHTbi 3anaca ycTOHHHBOCTH no pa3pe3aM 1-4 



(p=35° 


-/v3.y.a 


Axy.» 


Ki.y.o 


iv3.y.o 


Pa3pe3 1 OTBajia 2 


1,22 


1,17 


1,38 


1,36 


Pa3pe3 2 OTBana 2 


1,27 


1,24 


1,41 


1,40 


Pa3pe3 3 OTBana 3 


1,35 


1,30 


1,45 


1,43 


Pa3pe3 4 OTBana 3 


1,19 


1,16 


1,36 


1,35 



Pa3pe3 L OxBaji, c^opMHpoBamibiH flByMa apycaMH c npoMOKyTOHHOH rnioinaflKOH ihh- 
Phhoh 50 m, HaxoflHTca b npeflenbHOM paBHOBecHH no HioKHeMy apycy h b nenoM ycroHHHB. 

Pa3pe3 2. 0TBan, c(|)opMHpoBaHHbiH flByMa apycaMH c npoMOKyTOHHoii njioma^KOH ihh- 

PHHOH 50 M, B UeJIOM yCTOHHHB. 

Pa3pe3 3. 0TBaji, c^opMnpoBamibiH ffsyMn apycaMH c npoMeacyTOHHOH rniomaflKOH hih- 
Phhoh 35 m, b uenoM yCTOHHHB. PacneTHbiM noKa3aTenb K 3 . y HecKOJibKO Bbiuie noKa3aTejieii 
ppyrnx pa3pe30B, t. k. ocHOBaHHe OTBana HaxoflHTca b pycue pynba, KOTopoe CBoeM (|)opMOH 
y/iepacHBaeT nopoflbi OTBana ot oGpyiHemia. 

Pa3pe3 4. 0TBaji, c(})opMHpoBaHHbiH ffsyMn apycaMH c npoMOKyTOHHOH rniomaflKOH hih- 
Phhoh 35 m, HaxoflHTca b npeflenbHOM paBHOBecHH no HH5KHeMy apycy n b nenoM ycroHHHB. 

OcHoenbie ebieodu: 

1 . HaKJiOH ocHOBaHna (4° - 6° k ropnBonry) cymecTBemioro BJinaHna Ha Koacj^nnneHT 
3anaca ycTOHHHBOCTH He oica3biBaeT. 

2. OTBan 2 no pa3pe3y 1 no pe3yjibTaTaM pacneTa ycTOHHHBOCTH b o6meM mo>kho chh- 
TaTb ycTOHHHBbiM, xoraapyc OTBana, npn ycnoBHH pacnonoiKeHHa Ha npoMOKyTOHHOH nno- 
ma^Ke aBTOcaMOCBana CAT-785C, HaxoflHTca b coctoshhh npcoejibHoro paBHOBecna, hto He 
OKa3biBaeT bjihjihhji Ha ycTOHHHBOCTb OTBana b nenoM. 

3. OTBan 3 pa3flejieH Ha 2 KaTeropnH no ycTOHHHBOCTH: 

- ocHOBaHne OTBana HaxoflHTca Ha# pycnoM peKn h aBJiaeTca b nejiOM ycTOHHHBbiM; 

- ocHOBaHne OTBana Haxo^HTca Ha HaiaiOHHOH noBepxHOCTn h no pe3yjibTaTaM pacneTa 
ycTOHHHBOCTH OTBan b o6meM mo5kho CHHTaTb yCTOHHHB mm, xot3 ero apyc, npn ycjiOBHH pac- 
nonoaceHHa Ha npoMe>KyTOHHOH miomaflKe aBTOcaMOCBana CAT-785C, Haxo^HTca b coctojihhh 
npeflenbHoro paBHOBecna 3, hto He oica3biBaeT bjihjihhji Ha ycTOHHHBOCTb OTBana b uejiOM. 

4. Ha ocHOBaHHH HMeiomnxca ^aHHbix h pe3yjibTaTOB pacneTOB KOHCTpyKinno OTBanoB 
c SepMOH 6e3onacHOCTH b nonoBHHy BbicoTbi Bbiinejie>Kamero apyca mo)kho CHHTaTb ycroHHH- 
boh (b flnana30He H3MeHeHHa BbicoTbi BepxHero apyca ot 70 j\o 120 m). 

5. fljia noBbinieHHa ^ocTOBepHOCTH onpe#ejieHHa ycTOHHHBOCTH OTBanoB Heo6xo#HMO 

flOnOJIHHTeJIbHOe H3yHeHHe (J)H3HKO-MexaHHHeCKHX CBOHCTB OTBajXbHOH MaCCbl H HX H3MeHeHHH 
BO BpeMeHH, a TaiOKe OpraHH3aU,Ha CHCTeMbI MOHHTOpHHra yCTOHHHBOCTH OTBajIOB. 

JlHTepaTypa 

1. TeXHHKO-3KOHOMHHeCKOe 060CH0BaHHe nOCTOHHHblX pa3BeAOHHbIX KOHflHUHH flJlfl noA- 

cneTa 3anacoB MarHeraTOBbix n anaTHTOBbix py# KoBflopcKoro MecToproKAeHna otkphtoh pa3- 
pa6oTKH: OT^eT o HHP / pyK. A.B. OKyHOBHH. - Cn6: rnnpopyfla, 201 l.-T. 1. - 257c. 

2. noTanoB J\.A. AHaiiH3 OTenecTBemibix h 3apy6eacHbix MeTOflOB pacneTa ycTOHHHBO- 
cth SopTOB KapbepoB b MaccHBax CKajibHbix ropHbix nopo/i / fl.A. noTanoB,A.C.KajiK»KHbiH // 
XVI MeacperaoHajibHaa HaynHO-npaKTHnecicaa KOH(J)epeHHHJi (16-18 anpena 2013 r.). Te3HCbi 
flOKJiaflOB.- AnaraTbi: H3#. KcD neTpry, 2013. - H. 1. - C.47. 

3. MeTOflraecKHe yKa3aHH» no onpeAeneHHK) yrnoB HaicnoHa GopTOB, otkocob ycTynoB n 
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ZONING OF THE «OLENIY 
RUCHEY»OPEN PIT FIELD BY DEPTH 
USING PROF. D.LAUBSCHER ROCK 
MASS CLASSIFICATION 



AHHomaifun: 

IIpoaHajiu3upoeaHbi cpu3UKo-MexaHunecKue ceou- 
cmea, cmpynmypHyw napymeHHocmb, HanpnoKeH- 
Ho-decpopMupoeanHoe cocmonnue juaccuea nopod 
MecmopoMcdeHUH «Ojienuu pyneu», pacnojiooiceH- 
hozo e rozo-eocmonnou nacmu Xu6uhckozo Maccu- 
aa. Ha ocHoee npoeedeHHozo ananma zeojuexanu- 
necRozo cocitiohhuh ebinojiHena ouenm peumunza 
zeoMexanunecKou miaccudjumuuu (MRMR) npocp. 
ff. Jloduiupa, nmo e ceoro onepedb no3eojiwio eu- 
noJiHumb pauonupoeanue KapbepHozo nom Me- 
cmopoMcdemiH no znyduHe. Ha ocHoee npoeedeH- 
Hbix uccjiedoeanuu e nepeoM npudjiuMcenuu pexo- 
Mendoeanbi ycmoimuebie yzjiu omKoca 6opma Ka- 
pbepa e npedenax pa3JimHbix ezo ynacmKoe. 



Abstract: 

The article analyzes physical and mechanical 
properties, structural failure, stressed-strained 
rocks state, of the "Oleniy Ruchey " deposit located 
in the south-eastern part of the Khibinsky massif. 
Based on the data of geo -mechanical state analy- 
sis, D. Laubscher rock mass classification (MRMR) 
has been carried out thus allowing to perform zon- 
ing of the deposit 's open pit field 's depth. On the 
basis of these studies in the first approximation the 
stable slope angles of the open pit walls within its 
different parts are recommended. 



Kjnoneebie cjioea: zeoMexammecKafi KnaccucpuKa- 
ifun npocp. ff. Jloduiupa, MRMR, Mecmopooicde- 
nue «Ojienuu pyneu», XuOuhckuu juaccue, 6opm 
Kapbepa 



Key words: D. Laubscher Rock Mass Classification 
(MRMR), the «Oleniy Ruchey» deposit, Khibinsky 
massif, open-pit wall 



Ysks Ha npoTaaceHHH 7 JieT b XnSiiHax ocymecTBJiaeTca KpynHbiM HHHOBaiiHOHHbiH 
npoeKT no ocbochhio MecTopo^KfleHHa anaTHT-HechenHHOBbix py# Ojichmh pyneM. Ero OTpa- 
6oTKa b HacToamHH momcht npoBOflHTca oncpbiTbiM cnocoSoM, oflHOBpeMeHHO ocymecTBJia- 
eTca CTpoHTenbCTBO nofl3eMHoro py^HHKa [1]. 
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MecTopoac/ieHHe Ojichhh pynen pacnonoaceHO b iofo-boctohhoh nacTH Xh6hhckofo 
MaccHBa h npHyponeHO k ynacTKy BbiKJiHHHBaHHa nopofl HHOJiHT-ypTHTOBoro KOMnneKca. 
IIpoTaaceHHOCTb MecTopoJKfleHHa cocTaBJiaeT nopaflica 3,2 km, npocTHpaeTca oho b CTopoHy 
ceBepo-BOCTOKa c a3HMyTOM 35 - 40°. Taicace OTMenaeTca yBejiHneHHe yrna na^eHHa Bcex 
CTpyKTypHbix 3JieMeHTOB npo/iyKTHBHOH 30Hbi b HanpaBJieHHH ceBepo-BOCTOHHoro (})jiaHra 
MecTopo>KfleHHa ot 30 - 40° Ha ioro-3anaflHOM (})jiaHre p,o 60 - 70° Ha ceBepo-BOCTOHHOM. 

Py^Hbie Tena MecTopo)KAeHHa HMeiOT MHoroapycHoe crpoeHHe, h co ctopohw jie>Ka- 
nero 6oKa 3ajieacH KOHTaKTHpyiOT c pHCHoppnraMH, b 30He conpjDKeHHa c HbopKnaxKCKHM 
MecTopoac^eHHeM - c xnSHHHTaMH. IIomhmo phchopphtob, co ctopohm BHcanero Soica 3a- 
jiokh 3aneraiOT (j)OHaHTbi (Ha ynacTice BbiioiHHHBaHHa hhojthtob). IIomhmo nepeHHCJiemibix 
ocHOBHbix THnoB BMemaiomHx nopofl, jiHH3bi anaTHT-He(J)ejiHHOBbix pyfl nepeflyiOTca c 
raeHCOBHflHbiMH ypTHTaMH, HHOJiHTaMH, MejibTeftrHTaMH h flpyrHMH BMeuiaiOHiHMH nopo- 
flaMH (pnc. 1) [2]. 

CaMbiM KpynHbiM CTpyKTypHbiM HapyuieHHeM MaccHBa nopo/i MecTopoacfleHHa Ojie- 
hhh pyneS aBJiaeTca DiaBHbiH pa3JiOM. Ero nonoaceHHe 3KCTpanojmpoBaHO KaK npoflonace- 
HHe DiaBHoro pa3JiOMa coce#Hero HbopKnaxKCKoro MecTopo^eHHa. IlapaMeTpbi 3ajieraHHa 
TjiaBHoro pa3JiOMa cjie#yiomHe: ceBepo-BOCTOHHoe npocTHpaHHe, naflemie Ha ceBepo-3anafl 
c yrnaMH opHemTipoBOHHO ot 40 ao 45°. DiaBHbiH paBJiOM aBJiaeTca ochobhmm (J)aKTopoM, 

KOHTpOJIHpyiOmHM H3MCHHHBOCTb IiapaMCTpOB CTpyKTypHbix HeOflHOpOflHOCTeH MaccHBa 

nopofl b npeflenax KapbepHoro nona [2] . 

Ha CTa^HH fleTanbHOH pa3Be#KH h yTOHHemui 3anacoB b cepe^HHe 80-x roflOB npo- 
uijioro CTOJieTHa npoBOfliuiocb onpeflejieHHe (J)H3HKO-MexaHHHecKHx cbohctb py# h BMema- 
lomnx nopofl nyTeM HCCJieflOBaHHa o6pa3HOB, H3roTOBJieHHbix H3 KepHa raySoKHx (Sonee 1 
km) CKBa>KHH [3]. IIoKa3aTejiH HeKOTopbix 4^H3HHecKHx cbohctb nopo# npeflCTaBJieHbl B 
TaGji. 1 [4]. 




yflHbie Tena 



Phc. 1 - XapaKTepHbiM recwiorHHecKHH pa3pe3 MecTopo>KiieHHa Ojichhh pynen 



3th flaHHbie, b HacmocTH bmcokhc 3HaneHHa npeflenoB npoHHOCTH, CBHijeTejib- 
CTBytOT o npHHafljieacHOCTH Bcex ocHOBHbix THnoB BMemaiomnx nopofl k KaTeropHH npon- 
hmx CKanbHbix. Ko3(})(})HLi,HeHT xpynKOCTH (cooTHOiueHHe acac/ap) bo Bcex cjiynaax, 3a hc- 
KnioHeHHeM MOHneKHTa, 6ojibine 10, hto CBHijeTejibCTByeT o ckjiohhocth 3thx nopofl K 
xpynKOMy pa3pynieHHio. 3HaneHHe ckopocth V P b nopo#ax HaxoflHrca b npe#ejiax ot 2,3 ro 
5,8 km/c, hto TaioKe xapaKrepHO fljia npoHHbix CKanbHbix nopofl. 

B 2010 r. ana ohchkh ycTOHHHBOCTH SopTa ruiaHHpyeMoro Kapbepa Ha MecTopoac^e- 
hhh Ojichhh pynefi Smjih npoBefleHbi flonojiHHrejibHbie HCCJieflOBaHHa 4)H3hhcckhx cbohctb 
ochobhmx THnoB ropHbix nopofl BepxHen Hac™ MecTopoacflemia (Ta6n. 2) [5]. 3th nopoflbi 
h pyflbi HMeiOT BbicoKne noKa3aTenH npoHHOCTH h ynpyrocTH. TaK, npoHHOCTb npn oahooc- 
hom OKaTHH b cpeflHeM 1 15 - 180 Mlla, npn pacTJDKeHHH 10-20 Mlla, MOflyjib ynpyrocra 
- (5h-9) x 10 4 Mlla; kos^hhhcht xpynKOCTH HaxoflHrca b npe/iejiax 6 - 12. IIpHBefleHHbie 
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3HaneHHa CBn^eTejibCTByiOT o tom, hto no KJiaccH^jucauHH no npoHHOCTH nopoflbi n pyflbi 
MecTopoacfleHna Ojichhh Pynen mo>kho OTHecTH k III KaTeropnn (icpenKHe nopoflbi). 

AHajiH3npya flamibie, npnBefleHHbie b Ta6ji. 1 n 2, oneBHflHO, hto 3HaneHHa npon- 
hocthwx noKa3aTejien, onpeflejieHHbix b 80-e roflbi nponuioro BeKa, 3HaHHrejibHO Bbime no 
cpaBHeHHio c flaHHbiMH 2010 r. HanSonee BepoaTHOH npnHHHOH 3Toro aBJiaeTca to, hto b 
onpeflejieHnax 2010 r. otSop npo6 npon3BOflnjin b BepxHen nacTH MecTopo>KfleHHa, t. e. b 
BbiBeTpenbix n TpemnHOBaTbix CKanbHbix nopo#ax. TaK>Ke ycTaHOBJieHO, hto c raySnHon 
HapymeHHOCTb n TpemnHOBaTOCTb MaccHBa nopofl yMeHbHiaeTca, hto npHBOflnr k Sojiee bw- 
cokhm napaMeTpaM (J)H3HKO-MexaHHHecKHx cbohctb nopofl b MaccnBe. IIomhmo Bbimenpn- 
BefleHHoro (J)aKTa, cneflyeT ynnTbiBaTb, hto npon3oniJio H3MeHeHne TOCTa Ha onpefleneHne 

npOHHOCTHblX CBOHCTB o6pa3U,OB. 

110 flaHHbiM onpeflejieHHH (J)H3hhcckhx cbohctb ropHbix nopofl 2010 r. 6bm npoBefleH 
aHanH3 H3MeHeHHa npeflena npoHHOCTH Ha oflHOOCHoe OKarae (a C 2<) b npeflenax DiaBHoro 
pa3JiOMa, KOTopbift aBJiaeTca ocHOBHbiM KpynHbiM CTpyKTypHbiM 3JieMeHTOM b npeflenax Ka- 
pbepHoro nona MecTopo^eHna Ojichhh pynen. 

Ha rpa(})HKax (pnc. 2 n 3) npeflCTaBJieHa 3aBncnMOCTb MOK^y cpeflHHM, no Ka>Kflon 
BbiSopKe, npeflenoM npoHHOCTH Ha oflHOOCHoe OKarae (ct ct ) no nopo^e n raySnHOH, r^e Hy- 
jieBaa OTMeTKa cooTBeTCTByeT ycTbio CKBa>KHHbi. Rim HaraaflHOCTH tohkh coeflHHeHbi 
Meatfly coSon. 

Ha oSonx rpa^mcax othctjihbo bh^ho, hto Ha raySnHe ~ 200 m n^eT H3MeHeHne 
npeflena npoHHOCTH Ha oflHOOCHoe OKarae. npn stom #jia K)BHTa cpeflHee 3HaneHHe npe#e- 
Jia npoHHOCTH Ha oflHOOCHoe OKarae Ha OTMeTKe 195 m cocTaBJiaeT 120 Mna, a Ha OTMeTKe 
203 m - 90 Mna, hto Ha 25 % MeHbiue. ,Z],Jia MajibrenrHTa Ha raySnHe 190 m cpe^Hee 3Hane- 
Hne CTc* cocTaBJiaeT 135 Mna, a Ha raySnHe 200 m - 80 Mna, hto Ha 40 % MeHbine. npn- 
MepHO Ha 3toh >Ke raySnHe OTHOCHTenbHO nccneflyeMbix CKBa>KHH pacnojiaraeTca TjiaBHbiH 
pa3JiOM (nyHKTHpHaa jihhhji). 

BbimeH3Jio>KeHHoe CBH^eTejibCTByeT o tom, hto ropHbie nopoflbi, Haxoflannieca b 
30He BJinaHna TjiaBHoro pa3JiOMa, MoryT hmctb ropa3#o MeHbinne npoHHOCTHbie xapaKrepn- 
cthkh, hto HeoSxoflHMO ynnTbiBaTb npn (J)opMHpoBaHHH KOHeHHoro KOHTypa Kapbepa. 

flua yneTa BJiHamia napaMeTpoB Hanpa>KeHHO-fle(|)opMHpoBaHHoro cocToaHna Ha 
ycTOHHHBOCTb npnSopTOBoro MaccHBa b cepe^HHe 1980-x roflOB Smji BbinojmeH nporao3 
ecTecTBeHHoro Hanpa>KeHHoro cocroaHHa MaccHBa ropHbix nopofl MecTopo>KfleHHa. B pe- 
3yjibTaTe no ypoBHio fleftcTByiomHx Hanpa>KeHHH Swjih Bbi^ejieHbi Tpn xapaKTepHbie 30hm 
[4]: 

I - cjia6oHanpa>KeHHaa 30Ha (03 < 20 Mna), ot noBepxHOCTH #o raySnHbi 400 m; 

II - cpeflHeHanpa>KeHHaa 30Ha (20 Mna < 03 < 40 Mna), ot 400 flo 1000 m; 

111 - CHJibHOHanpa>KeHHaa 30Ha (03 > 40 Mna), CBbinie 1000 m. 

no noKa3aTejiaM TpemHHOBaTOCTH KepHa h xapaKTepy ero ^HCKOBaHHa Sbuio TaK- 
»ce BbmeneHO 3 30hm no raySnHe MecTopo>KfleHHa [3]: p,o 400 m; ot 400 flo 1000 m, Sonee 
1000 m. 

BepxHaa 30Ha raySnHOH #o 400 m xapaKTepn3yeTca noBbimeHHbiM 3HaHeHHeM Tpe- 

IHHHOBaTOCTH, HTO, BCpOaTHee BCerO, oSyCJIOBJieHO HajIHHHeM 30HBI BblBCTpHBaHHa, t. e. 30- 

Hbi ocjiaSjieHHbix nopo#, otmchchhoh no MaTepnajiaM cchcmhhcckhx nccjieflOBaHHH. 3Hane- 
HHa fleHCTByioninx Hanpa>KeHHH b 3toh 30He cymecrBeHHO HH>Ke, HeM Ha Sojibninx raySn- 
Hax. 

Bo BTopon 30He, Ha raySnHe ot 400 ao 1000 m, npoaBJiaeTca ^ncKOBaHHe KepHa, ko- 
Topoe npnyponeHO b ochobhom k 30HaM BbicoKonpoHHbix nopoA (ypTHTbi, hhojihtm). nopo- 
flbi b stoh 30He MeHee TpeniHHOBaTbie. 

B npeflenax TpeTben 30hm, Ha rny6HHax CBbinie 1000 m, ^HCKOBaHHe KepHa npoaBJia- 
eTca Ha 3HaHHrejibHO Sojibninx HHTepBanax, hto CBH^eTejibCTByeT 0 Sojiee bmcokom 3Hane- 
hhh fleHCTByioinnx Hanpa>KeHHH b MaccnBe nopofl n ropa3flO MeHbmen hhtchchbhocth Tpe- 

HIHHOBaTOCTH. 



46 



Ta6jiHu,a 1 

HeKOTopwe ((hoiihcckiic CBOHCTBa ochobhmx thiiob ropHbix nopoji MecTopoacaeHHH Ojichhh pyieft no jjaHHbiM 1985 r. 



HaHMeHOBaHHe 


HHTep- 
Baji 
onpo- 
6oBa- 

HH5I, M 


ITjiot- 

HOCTB, 

t/cm 3 


POCTB 

npo- 

TIC\ TTT.TJT.TY 

BOJIH, 

km/c 


K03(J)- 

(j)H- 
IHieHT 

Bapna- 

HHH, % 


CKOpOCTB 

nonepeHHBix 

BOJIH, KM/C 


Koacjj- 

(jjH- 
ITHeHT 

Bapna- 

HHH, % 


IIpOH- 
HOCTB npH 

\, A\ Cl 1 TT TT , 

Nffla 


K03(jj- 

(j)H- 
H,HeHT 

Bapna- 

HHH, % 


Ilpo 1 !- 

HOCTB 

npn pac- 

1 >1 /T\ U 

HHH, 

Mlla 


K03(jj- 

(j)H- 
H,HeHT 

Bapna- 

HHH, % 


Ko3(J)(|)H- 
ITHeHT 

Kpenocra 

Tir\ 1 InnTn. 

T1VJ llJJVJltJ 

HOBy 


Mo/xynB 
npojjonB- 
hoh ynpy- 

T 1W, 

ExlO 4 
Mlla 


K03(J)(j)H- 
ITHeHT 

xpynKO- 
cth no- 

POJJ 


He(J)eJIHHOBI>IH CHGHHT 
pnp tttt i v i pn n ttptkht mjip- 

vjJ^/J,riCoClJxiyivir>iyi iviciv 
CHBHBIH 


482- 
483 


2.63 


4.37-5.11 
4.79 


4 


2.11-2.53 
2.40 


7 


200-300 
250 


17 


17-24 
20 


15 


14 


4.08 


12 


ypTHT noJieBonniaTHBiM, 

1 1 pn a rttom pt^tto i pnHM - 
CTBIH MaCCHBHBIH 


671- 
672 


2.72 


3.40-4.93 
4.01 


9 


1.71-2.26 
2.05 


11 


170-220 
200 


11 


10-18 
12 


28 


11 


3.1 


16 


MajIHHBHT MaCCHBHBIH 


776- 
777 


2.97 


2.71-3.26 
3.02 


7 


1.65-1.76 
1.70 


7 


150-200 
180 


12 


10-14 
12 


15 


10 


2.18 


15 


YpTHT MeHK03epHHCTBffl 

\/l s\ C C JA R TT T>T TT 
1V1 cl Tl 15 rl T>1 Tl 


817- 
81 8 


2.96 


2.68-4.08 
3 69 


6 


1.32-2.14 
1 80 


19 


80-180 
130 


30 


6-13 
11 


17 


8 


2.63 


11 


HHOJiHT-ypTHT cpe/jHe- 

X I'll 1 1 TT^XI.T TT PTTtl ^OTntl Yll- 
} l^|J 1 1 Fl C 1 1>1 IT \sJla\J\J 1 JJCTATl 

TOH/JHBIH 


300- 
301 


2.84 


5.53-5.86 
5.71 


2 


2.14-3.12 
2.77 




240-340 
300 


T 


22-32 
27 


1 6 


14 


6 0? 


11 


IT MCI 1 IT T PnPTTTTPTPnTTTI- 
±1THJJTJ'11 VjJt/J,xltOt jjrlll 

CTBIH 

i pi ix 1 1 1 oi i. u ii ii f i 


398- 
399 


3.00 


3-73- 
5.09 
4.64 


8 


2.02-2.25 
2.16 


4 


160-520 
270 


25 


18-25 
20 


16 


13 


3.85 


14 


MoHHHKHT 


418- 
419 


3.00 


J. / -> 

5.63 


1 


2.87 


6 


1 fin ?fin 
220 


18 


JU-J / 

33 


9 


15 


6.65 


6 


A-H py/ja mrrHHCTO- 
noJiocHaTas 


566- 
568 


3.22 


2.17-3.74 
2.89 


15 


0.89-1.92 
1.43 


26 


70-120 
90 


24 


5^8 
6 


22 


6 


1.77 


15 


A-H py/ja 6noKOBaa 


576- 
578 


3.09 


Z.J4 4.47 

3.17 


13 


1 ?fi 1 Q1 

1 .Z.U 1.71 

1.49 


15 


sn 1 nn 

OU 1 uu 

90 


13 


4 fi 

H U 

5 


16 


6 


1.84 


19 


HefJienHHOBBiH 

CHGHHT 


704- 
706 


2.70 


4.13-4.71 
4.44 


4 


1.97-2.74 
2.29 


14 


190-260 
230 


13 


14-21 
16 


16 


12 


3.85 


14 


Hhojiht MenK03epHH- 

CTBIH 


596- 
597 


2.88 


2.69-4.78 


13 


1.56-2.05 


8 


100-250 


9 


18-24 


12 


13 


2.73 


11 


3.94 


1.93 


230 


21 


YpTHT HepaBHOMepHO- 
3GpHHCTBIH MaCCHBHBIH 


1576- 
1578 


2.73 


3.66-5.48 
4.60 


10 


1.93-2.25 
2.06 


7 


140-240 
190 


11 


11-24 
17 


34 


12 


3.2 


11 


YpTHT HepaBHOMepHO- 
3epHHCTBIH 


958- 
960 


2.63 


4.69-5.42 


5 


1.87-2.41 


11 


180-250 


14 


14-22 


21 


12 


3.51 


13 


4.90 


2.21 


200 


18 
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Ta6jiHu,a 2 

HeKOTopbie ((homhcckmc CBOHCTBa ochobhmx thiiob nopoa ana 1 11 1 ohc(|)cjiiiiioboi o MecTopoacaeHHH Ojichhh pyieii 

no aaHHMM 2010 r. 



HaHMeHOBaHHe 
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■ 
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w 

R 

ft 

X 

H 
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O H i 
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■©< 

•©H 
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YpTHT HeO^HOpO^- 
HO- 3epHHCTBIH 


2,65 - 3,11 


4,109 - 6,071 


2,646 - 3,303 


0,10 - 0,30 


5,00 - 9,65 


0,23 - 0,28 


6,62 - 7,93 


84,3 - 213,4 


6,8 - 18,2 


11 


2,86 


5,111 


2,886 


0,21 


6,72 


0,26 


7,34 


136,3 


12,1 


YpTHT noneBO- 

UinaTOBBIH 
CO C(j)eHOM 


2,70 - 2,90 


4,930 - 6,024 


2,833 - 3,175 


0,15 - 0,28 


6,42 - 8,51 


0,20 - 0,30 


5,58 - 7,93 


70,3 - 163,5 


7,2 - 13,6 


12 


2,79 


5,427 


2,996 


0,23 


7,15 


0,24 


6,72 


114,7 


9,8 


YpTHT K)BHTa 


2,60 - 3,04 


A '"l O /" IOC 

4,328 - 6,285 


2,704 - 3,419 


A 1 A A O A 
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C AO O AO 

5,03 - 8,93 


A 1 o A n 
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"7A 1 1 AA A 
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10 
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0,22 
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11 


2,96 
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0,23 
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2,98 - 3,37 


4,788 - 6,228 


2,793 - 3,362 
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0,21 - 0,28 


5.75 - 9,63 
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11,3-23,2 


10 


3,19 


5,585 


3,031 


0,24 


8,46 


0,24 


7,20 


152,1 


16,0 


MajIHHBHT 


2,92 - 3,05 


5,743 - 5,860 


3,068 - 3,068 


0,26 - 0,27 


8,09 - 8,41 


0,22 - 0,33 


6,25 - 8.77 


84,0 - 162,2 


20,3 - 20,3 


6 


2,99 


5,799 


3,068 


0,27 


8,27 


0,27 


7,92 


124,0 


20,3 


K)bht 


2,58 - 2,92 


4,306 - 5,986 


2,695 - 3,155 


0,10 - 0,27 


4,85 - 8,50 


0,21 - 0,26 


4,74 - 7,75 


73,0 - 192,2 


8,8-21,4 


8 


2,74 


5,308 


2,966 


0,22 


6,85 


0,23 


6,03 


118,3 


14,4 


Phchoppht 


2,61-2,71 


4,248 -4,451 


2,555 -2,682 


0,13-0,16 


4,68 - 5,08 


0,19-0,26 


6,94 - 8,95 


97,2 - 195,0 


9,2 - 12,0 


12 


2,67 


4,359 


2,632 


0,15 


4,92 


0,23 


7,72 


128,3 


10,5 


AnaraT - He(J)eiiH- 
HOBaa py^a 


2,89-3,16 


4,267 - 5,590 


2,632 - 3,049 


0,10-0,27 


5,25 - 8,01 


0,22 - 0,29 


6,80 - 7,75 


83,0 - 198,8 


9,0-11,8 


12 


3,00 


5,006 


2,874 


0,19 


6,87 


0,25 


7,17 


126,8 


10,2 
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Phc. 2 - Tpa(j)HK 3&BHCHMOCTH npeflejia npoHHOCTH Ha cacaTHe ot niyGHHBi /ura lOBtrra 
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T]F> 6hhu. m 

3 - Tpa(j)HK 3aBHCHMOCTH npeflejia npoHHOCTH Ha cacarae ot rjiy6HHbi jura ManBTefirHTa 



Ha 6a3e HMeiomHxca MaTepnajioB o reoMexaHHnecKOM coctojihhh MecTopoac^eHHa 
mo)kho onpeflejiHTb reoMexaHHnecKHH peftTHHr MaccHBa nopofl. IIocjieflHee BpeM» Sojibiuoe 
pacnpocTpaHeHHe nojiynHJia pa3pa6oTaHHaa 3a pySeacoM reoMexaHHHecKaa peiiTHHroBaa 
KJiaccH(})HKaLi,Ha MRMR (^ajiee Rl) npoc}). J[. JloSuinpa, uinpoKO npHMeHaeMaa b 3anaflHbix 
CTpaHax c cepeflHHbi 70-x roflOB npoiujioro CTOJieTHa [6-8]. MeTOflHKa no3BOJiaeT Ha npe#- 
BapHTejibHOM 3-Tane onpe#ejiHTb ocHOBHbie napaisieTpbi ropHbix paSoT no pe3yjibTaTaM reo- 
jioropa3BeflOHHbix paSoT, hto aBJiaeTca BecbMa none3HbiM rjis npeflBapHTenbHOH onemcH 
napaMeTpoB ycTOHHHBOCTH ropHbix BbipaSoTOK, b tom HHCJie npeflBapHTenbHOH oneHKH 

yCTOHHHBOCTH SopTOB KapbepOB. 

AuropHTM onpefleneHHa n0Ka3aTe.ua peifr-HHra Rl npeflCTaBJieH Ha pnc. 4. H3 cxeMbi 
BHflHO, hto BejiHHHHa peMTHHra Rl onpe^ejiaeTca cyMMOH nacrabix penrHHroB, ynnTbiBaio- 
ihhx npoHHOCTHbie xapaKTepncTHKH MaccHBa, KOJiHnecTBeHHbie h KanecTBeHHbie xapaicrepH- 
cthkh TpeiHHHOBaTOCTH, KOTopbie b flajibHeniueM yMHoacaKxrca Ha nonpaBOHHbie K03(|)4)HnH- 
eHTbi BbiBeTpHBaHHa, opHeHTauHH TpeuTHH, HanpaaceHHoro cocToamia, rH#poreojiorHH h #p. 

BejiHHHHa peiiTHHra Rl BbipaacaeTca CJieflyiomeH 4>opMyuon: 

RL= (R06ji + Rkt + Ryj) ><k, 

r/ie Ro6n - npoHHOCTb nopoflHoro Snoica; Rkt - peirmHr no KOJinnecTBy TpemnH; R yT - peM- 
thht ycjiOBHH TpemnHOBaTOCTH; k - KoacJ^HnHenrbi, yHHTbiBaiomne BbiBeTpHBaHHe, opneH- 
Tau,HK) TpemHH, HanpaaceHHa b MaccHBe, B3pbiBaHne, Hajinnne no#3eMHbix BOAonpnroKOB. 
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Hcxo^Hbie ^aHHbie 




Ilpefleji npoHHOCTH Ha 
oflHoocHoe oKarae 


PaccToaHHe MOK/iy 
TpemHHaMH 


YcjiOBHa TpemHHOBa- 

TOCTH 




1 


. 1- . 








IlonpaBKa no rycTOTe 


HajiHHHe cu,eMeHTHpo- 








TpemHH 










1 




06ihhh peiiTHHr no 
TpeinnHOBarocTH 


PeHTHHT npOHHOCTH 





PefiTHHr 
IRMR= 0-100 

I 

IIonpaBKH k peflTHHry 

BbiBeTpHBaHne OpneHTanna TpeiHHH Hanpa>KeHHoe cocToaHne B3pbiBaHne 

rnflporeojiornqecKne ycnoBna 

I 

PefiTHHr (MRMR) ! 



Pnc. 4 - AuropnTM onpeaeneHHa pemnHroBoro noKa3aTena Rl 
no Knaccn(J)nKannn npo(J>eccopa J\. JIo6mnpa 

HcxoflHbiMH flaHHtiMH no (J)H3HKO-MexaHHHecKHM CBOHCTBaM nopo# flJia Bbinojme- 
HHa pacneTOB aBJianncb pe3yjibTaTbi HcaneflOBaHHH, npoBeflemibix reojiornnecKHM n Top- 
hmm HHCTHTyTaMH KHU, PAH [5]. Hcxofla H3 30HajibHOCTH ypoBHa Hanpa>KeHHOCTH MaccHBa 
nopofl n flaHHbix o TpemnHOBaTOCTH, CBHfleTejibCTByiomHx o 3aBncnMOCTn nx ot raySmibi, 
pacneT penraHra npon3BOflnjica fljia Tpex 30H MecTopo>KfleHHa Ojichhh pynen no (|)opMyjie 

(1): 

1) fljia BepxHen nacTn MaccHBa (p,o raySnHbi 100 m) 

Rl= (Roe* + Rkt + R Y t) xk * 38; 

2) fljia raySnHbi 100 - 300 m 

Rl= (RC6a + Rkt + Rjt) xk « 54-65; 

3) ray6>Ke 300 m 

Rl= (RC6n + Rkt + Ryr) ><k * 60-72. 

B cooTBeTCTBHH c pa3pa6oTamiOH npoc}). J\. JIoSmnpoM TaSji. 3, pe3yjibTaTbi pacneTa 
penTHHra Rl noKa3biBaiOT, hto ropHbie nopoflbi MecTopo>KfleHHa Ojichhh pynen b BepxHen 
nacTH flo raySnHbi 100 m, KpoMe noKpbiBHbix MopeHHbix otjitokchhh, npHHafljieacaT k 4 
KJiaccy nopofl h xapaKTepH3yiOTca hh3koh ycTOHHHBOCTbio. Ilopoflbi, 3aneraiomHe Ha ray- 
6nHe ot 100 flo 300 m, npn achctbhh hh3khx 3HaneHHH tcktohhhcckhx HanpaaceHHH - k 
TpeTbeMy KJiaccy h xapaKreproyiOTca cpeflHen ycTOHHHBOCTbio, ho npn achctbhh bmcokhx 
tcktohhhcckhx Hanpa>KeHHH SyflyT npHHa^jioKaTb ko BTopoMy KJiaccy h xapaKreprooBaTbca 
xopoiuen ycTOHHHBOCTbio. Ha raySnHe 300 h Sojiee MeTpoB ropHbie nopoflbi hmciot xopo- 
iuyio ycTOHHHBOCTb h OTHOcaTca b SojibHieM CTeneHH ko BTopoMy KJiaccy. 
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Ta6jiHu,a 3 

BejiHMHHbi peirrimra Rl b cootbctctbhh c KJiaccoM ropHbix nopoa no JIoGiimpy 



PeiiTHHr Rl 


81-100 


61-80 


41-60 


21-40 


5-20 


Knacc nopofl no JloSninpy 


1 


2 


3 


4 


5 



A. XaiiHCOM h n. TepSpiorre [8] pa3pa6oTaHbi peKOMeHflau,HH no Bbi6opy npn6jin3n- 
TejibHbix 3HaHeHHH yrnoB otkocob SopTOB KapbepoB Ha ocHOBe paccHHTaHHoro penTHHra 
MRMR. J\2LURbiQ peKOMeHflannn npeflCTaBJieHbi b Ta6n. 4. 



Ta6jinii,a 4 

IIpH6jiH3HTejibHbie 3HaMeHHH yrjiOB otkocob SopTOB KapbepoB B COOTBCTCTBHH C KJiaCCOM 
ropHbix nopoa no A. XaftHcy h II. TepSpiorre 



Knacc nopofl 


1 


2 


3 


4 


5 


Yroji OTKOca SopTa Kapbepa 


75°±5° 


65°±5° 


55°±5° 


45°±5° 


35°±5° 



Ha ocHOBe paccHHTaHHoro penrHHra Rl ropHbix nopofl MecTopo)KfleHHa Ojichhh py- 
Heii fljia Kapbepa, b nepBOM npnSjiHaceHHH mo>kho peKOMeH^OBaTb k paccMOTpeHHio CJie/ry- 
lonine BapnaHTbi yraoB OTKOca GopTa: 

- fljni rnySnHbi j\o 100 m - 35°-50° , 

- fljia rjiySHHbi ot 100 «o 300 m - 50°-60°, 

- rayGace 300 m - j\o 65°. 

TpacjjHHecKH panoHnpoBaHHe pe3ynbTaTOB peHTHHroB no raySnHe npe#CTaBJieHO Ha 

OflHOM H3 pa3pe30B (pHC. 5). 




Phc. 5 - Pa3pe3 32+50 m c nanoaceHHeivi ycnoBHbix rpaHHU peHTHHroB 
(oparoKeBtm - cjioh MopeHHtix oTno>KeHHH, chhhh h KpacHtm - B03Mo>KHtie KOHTypbi Kapbepa, 
CBeTJio-3eneHbiH - py^Htie Tena, nepHbra - ycJioBHaa rpamiua pa3ZjeneHHa noKa3aTena peirniHra, TeM- 

Ho-cepbiH - BMemaiomHe nopo^ti) 
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HeoSxoflHMO OTMeTHTt, hto npH pacneTe peirrHHroB Rl He yHHTbiBanca bh# Sypo- 

B3pbIBHbIX pa60T. IIpHMeHeHHe KOHTypHOrO B3pbIBaHH3 SyfleT CnOCoScTBOBaTb COOTBeT- 

ctbhk) peanbHoro cocToamia npHKOHTypHOH nacTH MaccHBa ropHbix nopofl npnBefleHHbiM 
pe3yjibTaTaM pacneTa peirrHHroB. 

TaKHM o6pa30M, ropHbie nopoflbi BepxHeM nacTH MecTopo>KfleHHa j\o rjiySmibi 100 m 

OTHOCHTeJIbHO flHeBHOH nOBepXHOCTH OTHOCaTCa KO BTOpOMy KJiaCCy, H 6opT Kapbepa MO>KeT 

SbiTb cc})opMHpoBaH nofl yrnoM j\o 50°. Ha rjiySmiax ot 100 j\o 300 m ot ^HeBHOH noBepx- 
hocth ropHbie nopoflbi npHHa^jioKaT ko 2 - 3 KJiaccy h (J)opMHpoBaHHe SopTa bo3mo>kho no# 
yrnoM j\o 60°. B anynae, ecnH rjiySima Kapbepa cocTaBHT Sonee 300 m (2 KJiacc), (|)opMHpo- 
BaHHe SopTa bo3mo>kho no# yrnoM j\o 65°. 

3HaneHHa yraoB OTKOca SopTa Kapbepa Moryr SbiTb peKOMeHflOBaHbi b nepBOM npn- 
SnH>KeHHH Jinnib fl.na Bncanero SopTa Kapbepa, t. k. co ctopohm jie>KaHero SopTa HMeeTca 
KpynHoe CTpyKTypHoe HapynieHHe (rjiaBHbiM pa3JiOM) c yraaMH nafleHna opneHTHpoBOHHO 
40 - 45° b CTopoHy ceBepo-3anafla. 

JlHTepaTypa 

1. OeflopoB CX. Co3flaHHe pyflHO-CbipbeBoii 6a3bi - Ba>KHbin mar Ha nyra BepTH- 
KajibHOH HHTerpau,HH Tpynnbi «Akpoh» / CX. cDeflopoB // Pa3Be#Ka h oxpaHa He#p. - 2013. 
- JS« 4. - C. 45 - 50. 

2. TexHOJiorHnecKHe h reoMexaHnnecKHe npopaSoTKH no rpaHHnaM Kapbepa MecTO- 
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ON THE EFFECT OF CHANGING 
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SHAFTS' SUPPORT 



AHHomaifun: 

Tlpedcmaenenbi pe3yiibmambi uccnedoeanuu u 
pacnemoe, eunojiHeHHbix MncmumymoM zopnozo 
deiia YpajibCKozo omdenenun PAH na nod36MHOM 
pydmiKe TaucKozo TOKa. BbweneHHbie pacuiupe- 
huh u coKamuR 3eMJiu, npoucxodnujue cimxpoHHo c 
jiezKO omcjieDKueaeMbiM usjueHeHueiu pa3Mepa 
CojiHifa, mpedywm danbneuuiezo odcnedoeanun u 
ymonneHUH KoppennuuoHHbix 3aeuciiMocmeu. Hpu- 
eedenu pacnemu u 3auepu HanpnoKenuu e Kpenu 
cmeonoe, Komopue 3aeucnm He moiibKO om <pu3u- 
KO-MexaHunecKux ceoiicme nopod juaccuea, ho u 
om epejuenu npoxodmi cmeojia u ocmanoeoK npu 
eo3eedenuu Kpenu na epeMH, 3a Komopoe demon 
nadpan ceoio noimyw nponnocmb. Bo3HUKaem 
onacuocmb Hapywemm uenocmHocmu Kpenu 
cmeonoe. 

Kmoneebie cnoea: ycnoeno nocmosiHHue mevmo- 
HmecKue nanpHOKenufi; HanpnoKeHHo- 
decpopMupoeaHHoe cocmonnue Kpenu cmeonoe; 
acmpocpu3imecKue HanpHOKemm; OemoHHan 
Kpenb; juaccue zopnbix nopod. 



Abstract: 

The results of the researches and calculations car- 
ried out by the Institute of Mining of the Ural 
Branch of the Russian Academy of Sciences in the 
Gaisky IW underground mine are presented. The 
observed phenomena of expansion and contraction 
of the Earth that are happening in sync with easily 
tracked changes of the Sun 's size require further 
methodological examination and correlation de- 
pendences refinement. The calculations of stresses 
in the shafts ' support that depend not only on the 
physical and mechanical properties of rock mass, 
but also on the time of shaft sinking and stops in 
the support construction for the time the concrete 
has gained its full strength are given. There is a 
risk compromising the integrity of the fixing trunks. 

Key words: conditionally permanent tectonic 
stresses, stressed-strained state of the shafts ' sup- 
port, astrophysical stresses, concrete support, rock 
mass. 



HanpaaceHHoe cocToaHHe h reoflnHaMnnecicaa aierHBHOCTb BepxHeii nacTH 3eMHOH Kopw 
KaK cpeflbi oSjrraHHa h TexHoreHHon fleaTenbHOCTH nejiOBeica 6bijih Bcer^a b nenrpe BHHMaHHa. 
IiepHOflHHecKH H3MeHaiomaaca HHTeHCHBHOCTb reoflHHaMHnecKHx aBJieHHH (3eMJieTpaceHHa h 
ropHbie yflapw) KpacHopenHBO CBH^eTejibCTByeT 06 H3MeHaiomeMca bo BpeivteHH ypoBHe 
HanpaaceHHH b He^pax [3]. 

Co BTopoft nojiOBHHbi 1998 r. no HacToamee Bpeivia npn noflflep>KKe Pocchhckoix) 4>oh- 
fla 4>yHflaMeHTanbHbix HCCJieflOBamiH jiaGopaTopna reoflHHaMHKH h ropHoro ^aBJieHHa Hhcth- 
TyTa ropHoro flena YpO PAH Be^eT 3KcnepHMeHTajibHbie paSoTbi no H3yneHHio H3MeHeHHa bo 
BpeivteHH Hanpa>KeHHO-fle(})opMHpoBaHHoro cocToaHHa (HflC) — reoflnHaMnnecKon aKTHBHOCTH 
MaccHBa ropHbix nopofl. J\jik 3Toro 6biJin oSopyflOBaHbi HaGjuoflaTejibHbie CTaminn Ha pa3JiHH- 
Hbix pyflHHKax Ypaua BHe 30hm BJinaHHa ropHbix paSoT b panoHe ropoflOB KpacHOTypbHHCK, 
Hh)khhh Tarmi, Bepe30BCKnn n Tan Ha raySnHax ot 420 j\o 1070 m. 

B xofle aHanH3a pe3yjibTaTOB paSoTbi Swjio ycTaHOBJieHO aBJieHne nepnoflHHecKoro hb- 
MeHeHna H,H,C MaccHBa ropHbix nopofl BCJie#CTBHe pacmnpeHna n c>KaTHa 3eMHon Kopbi (3eM- 
jih) c BpeMeHHbiM HHTepBajiOM b cpeflHeM 11 neT [1]. H3 nepnoflHHecKon jinrepaTypbi H3BecT- 
ho, hto HCCJieflOBaHHe npnpoflbi reoflHHaMHHecKOH aKTHBHOCTH y^oSHee Bcero bccth bo 
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BpCMCHHOM pafly HHKJIOB COJIHeHHOH aKTHBHOCTH (CA) [2], a HanpjDKeHHJi, KOTopwe BJIH5HOT Ha 

H3MeHeHHe pa3MepoB 3cmjih, npHHjrro Ha3biBaTb acTpocpHBHHecKHMH <j [5]. 

H3MeHeHHe H,3,C MaccHBa ropHbix nopofl nponcxoflHT BCJieflCTBHe floSaBJiefflia k fleM- 
CTByioiuHM ycnoBHO nocToaHHbiM rpaBHTau,HOHHO-TeKTOHHHecKHM Hanpa>KeHHaM nepeMeHHOH 
BenHHHHbi a^, 3HaneHHe KOTopoM MO>KeT flocTHraTb flecaTKOB MeranacKajieft (Mlla). 

B 2013 r. jiaSopaTopHH reoflHHaMHKH h ropHoro flaBJieHHa UTJl YpO PAH SbiJia 
BbiflBHHyTa HOBaa ranoTe3a, b cooTBeTCTBHH c KOTopoM Hanpa>KeHHoe cocToamie MaccHBa rop- 
Hbix nopofl H3MeH»eTca bo BpeMeHH, a He aBJiaeTca nocroaHHbiM, nojiyHeHHbiM b momcht H3Me- 
pemia [4] (TaSji.l). 

TaSnHiia 1 

rinio ic3bi (|)opMiipoBaniui npiipo/uibix ii ;i ii |)W/i\'cii ii ii b MaccHBe ropHbix nopoA 



Abtop rHnoTe3i>i 


THnoTe3a 


A. TeHM, 1878 r. 


0-n = (7 n =(7 n = _ Y H 


A.H. ^HHHHK, 

1951 r. 


a«=- Y H 

a* = a* = - XyH 


N. Hast, 1960 r. 


o« = -yH 
o*=-XyH + T 2 


A.B. 3y6KOB h K°, 
2000 r. 


c£ =-yH + a zm + o a $ 
o"x = - AyH + o xm + a a4 , 

0"y = - ^YH + Oym + °~ac}, , 

r «e ff m + ^a4> = T\ 

°ym + °a$ = T 2 
K12 

ff a4, = ^ ^(t) 
i=K21 



ilpHMenaHHe: 

Ox°y> a z _ cocTaBJiaiomHe raaBHbix Hanp>DKeHHH, Mlla; 
y- yflenbHMH Bee nopo#, H/m 3 ; 

H - MouiHOCTb HaneraiomHx ropHbix nopo#, m; A. - K03(j)(j)HUHeHT 6oKOBoro pacnopa (onpeflenaeMbiH 
K03(j). IlyaccoHa); 

T\, T2 - rnaBHbie CTaraHecKHe cocTaBJiaiomHe TeKTOHHHecKHX chji, Mlla; 

Qzm&xmi G ym~ ^JiaBHbie CTaTHHecKHe cocTaBJiaiomHe nocTOHHHbix TeKTOHHHecKHx chji, Mlla; 
<5 a ^, £ a( j, - BpeMeHHoii xofl acTpocj)H3HHecKHx HanpH>KeHHH (Mlla) h OTHOCHTejibHbix aeiJiopMaHHH; 
CTa$(o - BpeMeHHoii noKa3aTenb nyubcauHH acTpo(J)H3HHecKHX HarrpsDKeHMM; 
£21 G i(t)~ cyMMapHbra BKiiaA bcjihhhh H3MeHemia HRC pa3JiHHHbix reoJiorHHecKHX uhkjiob. 

Ha TaHCKOM no#3eMHOM py^HHice (r. ran) acTpocpH3HHecKHe Hanpa>KeHHa CTajin H3Me- 
paTb cpa3y >Ke nocne H3MepeHHa rpaBHTau,HOHHO-TeKTOHHHecKHx Hanpa>KeHHH. no3TOMy npo- 
tho3 H3MeHeHHa Hanpa>KeHHH bo BpeMeHH 3flecb mo>kho flenaTb yBepeHHO. npn pacneTe hc- 
nojib30BaHbi HHCTpyMeHTajibHO onpeflejiemibie napaMeTpw HanpaacemiH, npeflCTaBJiemibie b 
TaSji. 2. 
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Ta6jiHu,a 2 

IlepBOHaMajibHbie HanpnaceHHH, aeftcTByiomiie b mjicchbc nopoa MecTopoacaeHHH 



Tor npoBe^e- 
HHa H3Mepe- 

HHH 


H,M 


Cy6MepH#Ho- 
HajibHoe, □ 
oi, Mlla 


Cy6uiHpoTHoe, 
02, Mlla 


BepTHKanbHoe 
ct z , Mlla 


TeKTOHHieCKH 

nyjibCHpyiomHe, 
o a 4,, Mlla 


1998 


830 


-19 


-40 


-22 


-7 


2004 


910 


-20 


-42 


-25 


-4 


2008 


1070 


-32 


-49 


-33 


-9 



fljia Toro htoSw paccHHraTb HanpjDKeHHa b Kpenn b HHTepecyiomHH Hac momcht Bpe- 
MeHH, Hy>KHO 3HaTb BejiHHHHy nepBOHanajibHbix HanpaaceHHH of. Jlna 3Toro HyacHO H3 pe3yjib- 
TaTOB H3MepeHHH (TaSji. 3) BbinecTb c^Toro MOMeHTa, Kor^a Sbuih cflenaHbi 3aMepbi h npn6a- 
BHTb a a( j, b HHTepecyiomHH MOMeHT (pnc. 1). 



SoBt/m 
1 368 



1366 



L364 



1362 



S>0 PZ P4 PS S>S OO OI C« OS OS 1 O 12 !■* MS IS 2D 
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-0,6 
-I S 
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-3,0 



E 4 * * 10 
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Phc. 1 - H3MeHeHHe HflC MaccHBa Ha py^HHKax b ropo^ax Ypana h Ajiraa 
Ha (J)OHe H3MeHeHHa H3JiyHeHHa Comma 
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BejiHHHHbi nepBOHanajibHbix rpaBHraHHOHHO-TeKTOHHHecKHx Hanpa>KeHHH 6e3 yneTa 
acTpoc})H3HHecKHx Hanpa>KeHHH npeflCTaBJieHbi b TaSn. 3. 



Ta6jiHu,a 3 

IlepBOHaHajibHbie rpaBHTauHOHHO-TeKTOHHHecKHe HanpaaceHHH 
6e3 yneTa acTpo(J)H3HHecKHX HanpjuKemra 



Tofl npoBeaeHHa 

H3MepeHHH 


Tjiy6HHa, 

H,M 


Cy6MepHflHO- 
HajibHoe, □ 
oi, Mlla 


CyGuinpoTHoe, 
02, Mlla 


BepTHKajibHoe, 
o z , Mlla 


1998 


830 


-12 +a ai) 


-33 +a a(}) 


-22 


2004 


910 


-16 +G a ^ 


-38 +a a(}) 


-25 


2008 


1070 


-23 +a a(}) 


-40 +a ai , 


-33 



GneflOBaTejibHO, ecjin Kpenjiemie CTBOJia npoBOflHJiocb b nepnofl MHHHMyMa CA, to yMeHbine- 
HHea^ b nocneflyiomeM npHBe^eT k noaBJieHHio b Kpenn pacTaraBaiomHx HanpaaceHHH, koto- 
pwe nacTHHHO 6ypyj KOMneHcnpoBaHbi cacaTHeM Kpenn b nepnofl ee B03BefleHHa. Ecjih Kpen- 
jieHHe CTBOJia npoBOflHJiocb b nepnofl MaKCHMyMa CA, to yBejiHHeHHea a( j, b nocneflyiomeM 
npHBe^eT k yBejiHHeHHio OKaTHa Kpenn b flonojiHeHHe k c>KaTHio b nepnofl ee B03BefleHHa. B 
npaKTHKe nofloSHbie KOMSnHauHH Moryr SbiTb caMbiMH pa3HOo6pa3HbiMH, ecjin ynecTb, hto 

Kpenb B03B0flHTC3 B npOMOKyTKaX Me>Kfly MaKCHMyMOM H MHHHMyMOM O a fy. 

C uejibio ouemcH ycToiiHHBOCTH Kpenn ctbojiob Ha py^HHKe Swjih cflenaHbi npeflBapn- 
TenbHbie pacneTbi HanpjDKeHHH, fleMcTByiomHx b Kpenn Ha ropn30HTax -830, -910 h -1070 m, 
fljia ycjiOBHH, Kor^a fleftcTByiOT rpaBHTauHOHHbie yH h TeKTOHHHecKne a T HanpjDKeHHa h 6e- 
TOHHaa Kpenb, B03BefleHHaa y 3a6oa, HaSpana nonHyio npoHHOCTb h ynpyrocTb H3-3a ocTaHOBKH 
npoxoflKH. CxeMa pacneTa (pnc. 2) h MeTOflHKa npeflCTaBJieHbi HH>Ke: 




Phc. 2 -CxeMa k pac^eTy Hanpa>KeHMH b Kpenn 
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M"B^^B r y[ f ° 1 \ T t { ° 1 \ { ° 1 "\1 

a 8(x) = p L CT x( K x(x) ~~ K x(x)J + °yl K x(y) ~~ K x(y)J + a z(K*(z) ~~ K x(z)JJ< 



E n 

,2> 



a 9(y) - " [ a y( K y(x) _ K y(x)) + a ?( K y(y) ~ K y(y)) + a z(^ (z) - Kj (z) )], 

E n 

r^e cje( x ),ag( y ) - raaBHbie roprooHiajibHbie HanpjDKeHHa, Mlla; 

Ee - MOAyjib ynpyrocTH SeTOHa; 
E n - MOflyjib ynpyrocTH nopoflbi; 

Kx( x ), K y (x)... - ycjiOBHbie K03(|)(|)HHHeHTbi KOHu,eHTpaii,HH Hanpa>KeHHH a(x), a( y ), c( z ) no ocjim X 



Ta6jiHu,a 4 

PacieTHbie HanpaaceHHH b Sctohhoh Kpeim 



ropH30HT 


Bepx Konbija 


Hh3 Konbua 


(7 2 , Mlla 


oi, Mlla 


o 2 , Mlla 


oi, Mlla 


-830 m 


-8,5 


-0,77 


-15,3 


-0,6 


-910 m 


-8,7 


-0,9 


-15,8 


-0,8 


-1070 m 


-8,8 


-1,2 


-16,6 


-1,8 



Ha ocHOBaHHH nojiyneHHbix pe3yjibTaTOB (raSji. 4) ycTaHOBJieHO, hto Ha ynacTKax, r^e 
npoxoflicy npHOCTaHaBJiHBanH Ha BpeMa, Kor^a SeTOH HaSnpan cboio nonHyio npoHHOCTb, b 
Kpenn CTBOJia B03HHKajiH MaKCHManbHbie Hanpa>KeHHa. BejiHHHHbi paccHHiamibix Hanpa>KeHHH 
Ha ropH30HTe -830 m h HH>Ke hmciot He3HaHHTejibHbiii 3anac npoHHOCTH h npaKTHnecKH 6jih3kh 
k HopMaTHBHOH npoHHOCTH SeTOHa, paBHOH pjm B25 M300 18 Mlla. Ha 3thx ynacTKax ecTb 
onacHOCTb HapynieHHa Kpenn ctbojiob. 

B nponecce HCCJieflOBamiH Ha MecTopo>KfleHHH HaTypHbie onpeflejieHHa Hanpa>KeHHH, 
flencTByiOHiHx b Kpenn ctbojiob, npoBOflHJincb npn noMOiini MOflH^nnnpoBaHHoro MeTO^a me- 
jieBon pa3rpy3KH. H3MepeHHa Smjih npoBefleHbi Ha raySnHe 830, 910, 990, 1070 h 1390 m TaH- 
CKoro nofl3eMHoro pyflHraca. ,Z],e(|)opMaHHH H3Mepajincb HH^HKaTopoM nacoBoro rana Me>Kfly 
penepaMH #o pa3rpy3KH h nocne Hee. J\ji% pa3rpy3KH MaccHBa Hcnojib3yeTca mejib, BbinojiHeH- 
Haa npn noMomn KOJiOHKOBoro nepc})opaTopa [6]. npn 3tom OHa HMeeT CTporo onpeflejiemibie 
napaMeTpbi h (})opMy nonyflHCKa c pa^nycoM i?m=0,3 m. H3-3a Sojibinoro oSbeMa h cjio>khocth 
SypeHHa (oSmaa fljiHHa ninypoB okojio 3 m) mctoa aobojibho Tpy^oeMOK. npn BbinojiHeHHH 
HHP MeToa 6bin 3HaHHTejibHO MOflepHronpoBaH 3a cneT Hcnojib30BaHHa b KanecTBe peacymero 
HHCTpyMeHTa 6eH3ope30B nocjieflHero noKOJiemia. npn 3tom flamioe oSopyflOBamie iiojiho- 
CTbio aBTOHOMHO h He TpeSyeT noflKniOHeHHa k MaracTpajiaM OKaToro B03#yxa, npHB33KH k 
3JieKTpHnecKHM ceTaM h BOflonpoBOfly, hto cymecTBeHHO yBejiHHHBaeT Kpyr ero Hcnojib30Ba- 

HH3. 

BMecTe c 3thm penepw TaK>Ke npeTepnejin H3MeHemi». BMecTO cbeMHbix u,aiiroBbix pe- 
nepoB Hcnojib30BajiHCb nocToamibie ojiOBamibie, ycTaHOBJieHHbie no o6e ctopohm ot mejiH Ha 

OCeBOH JIHHHH. 3t0 n03BOJIHJIO CHH3HTB CeSeCTOHMOCTb HX npOH3BOflCTBa, a TaK>Ke noaBHJiacb 

npeKpacHaa B03MO>KHOCTb npoH3BOflHTb H3MeHeHHa Hanpa>KeHHoro cocToamia bo BpeMeHH. 

no pe3yjibTaTaM H3MepeHHH c noMombio HOBoro MeTO^a Swjih nojiyneHbi fle(J)opMa- 
hhh h nepecHHTaHbi b HanpjDKeinia, ^eiiCTByiomHe Ha KOHType BbipaSoTKH (/raSji. 5). 
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Ta6jiHu,a 5 

Pe3yjibTaTbi pacieTa Hanpn>KeHnii Ha KOHiype BbipaSoTKH mctoaom mcjicBoii pa3rpy3KH 

Ha UieCTH CTaHHHHX 



1 -a CTaHijmi 

(rOpH30HT 

-830 m) 


2 -a CTaHuna 

(rOpH30HT 

-910 m) 


3 -a CTaHLiHH (ro- 

PH30HT 

-990 m) 


4-a CTaHuna (ro- 

PH30HT 

-1070 m) 


5-a CTaHuna (ro- 

PH30HT 

-1390 m) 


6-a CTaHuna 
(ropH30HT 
-1390 m) 


-4,6Mna 


-4,6Mna 


-l,lMna 


-2,3Mna 


-l,lMna 


-2,3Mna 



IIojiyHeHHbie BejiHHHHbi HanpaaceHHH b Kpenn (npn HenpepwBHOH npoxoflice) OTJiHna- 
K)Tca ot TeopeTHnecKHx 3a cneT Toro, hto Sctoh He HaSpan nonHyio npoHHOCTb h fle(J)opMHpo- 
Banca ruiacTHHHO. 
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PE30HAHCHWE CBOHCTBA 
BEPXHEH HACTH PA3PE3A (BMP) 
no ^AHHWM <I>H3HHECKOrO MO- 
^EJIHPOBAHHfl 



AHHomaijun: 

Ha daHHbix mpexMepnozo qbusimecKozo Modenupo- 
eamin uccjiedymmcn eo3MO0KHocmu onpedenenufi 
pe30HaHCHbix ceoucme eepxneu nacmu paspesa 
(BHP) no sanucfm MUKpoceucM. fljin nonynenuH u 
o6pa6orriKU 3KcnepuMenmanbHbix dannux npwue- 
Hfuiacb jia6opamopHan Moduqbumuun pa3eueae- 
mou e nocjiednue zodbi MemoduKu ebideneHun 
cmoHHux eojiu U3 MUKpoceucMuuecKozo noun, pe- 
zucmpupyeMozo Ha njiomnou cucmeMe HaBniode- 
huu c ucnoJib308amieM MOROKananbHou annapa- 
mypbi. DKcnepwueHinaJibHo uccjiedoeanucb ne- 
CKOJibKO munoe BHP c nonuMceHHOu CKopocmbw 
(cjiou nocmoHHHOu MOUjHocmu, cjiou nad zpanuueu 
6jioko6, ebiKMUHiwaioufuucH cjiou, cqbepimecKan 
jiuma). TIoKa3aHo, urno paccMampueaeJuan juemo- 
duKa no3eoJinem no 3apezucmpupoeaHHUM Ha no- 
eepxHocmu BHP MUKpoceucMaM uccjiedoeamb 
pacnpedenenue nacmom u ajunjiumyd omdenbHbix 
Mod cmomux eojiu na yuacmfce, zde npoeodnmcn 
u3MepemiH. 

Kimueebie cjioea: cmosmue eojiHbi, qbu3uiechcoe 
ModeJiupoeanue, eepxHnn uacmb paspesa 



RESONANCE PROPERTIES OF THE 
UPPER PART OF THE SECTION 
ACCORDING TO DATA OF PHYSICAL 
MODELING 



Abstract: 

On the data of three-dimensional physical model- 
ing the possibilities of determining the resonance 
properties of the upper part of the section (UPS) 
according to the records of microseisms are inves- 
tigated. For obtaining and processing the experi- 
mental data the laboratory modification of the pro- 
cedure of selection standing waves from micro- 
seismic field recorded on a dense system of obser- 
vations using thin-route equipment was applied, the 
procedure being developed in recent years. Exper- 
imentally several types of the section 's upper part 
were studied at a reduced speed (constant power 
layer, the layer above the boundary blocks, thin- 
ning layer spherical lens). It is shown that the 
technique under view allows to study the distribu- 
tion of frequencies and amplitudes of the individual 
modes of standing waves in the area where the 
measurements are being performed according to 
the microseisms registered on the surface of the 
upper part of the section. 

Key words: standing waves, physical modeling, the 
upper part of the section 



OflHH H3 Cn0C060B nOBblHieHHJI TOHHOCTH CeHCMHHeCKOrO MHKpopa.HOHHpOBa.HHH c 

Hcnonb30BaHHeM 3anHcen MHKpoceMcM peajiH30BaH b MeTOflmce, onncaHHOH b paSoTax [1, 
2]. B OTJiHHHe ot SojibuiHHCTBa flpyrnx MeroflOB, 6a3HpyiomHxca na npeflnojioacemiH o tom, 
hto b MHKpocencMax npeo6jia#aiOT KOJieGaHHH, CBH3aHHbie c noBepxHOCTHbiMH BOjmaMH, 
flaHHaa MeTOflHica ocHOBaHa Ha BbmejiemiH H3 MHKpoceHCMHHecicoro nona ero KorepeHTHbix 
cocTaBJunomHx - 4>opMHpyiomHxca b BHP ctojihhx bojih. Abtopw [1,2] noKa3ajiH, hto jxq- 
TajibHbiH aHajiH3 CToaHHx bojih, BbiflejieHHbix H3 MHKpoceMcMHHecKoro nona, n03BOJiaeT 
onpeflejiHTb pe30HaHCHbie xapaierepHCTHKH pa3pe3a c KompojinpyeMOH TOHHOCTbio. 

OflHaKO OHeBH^HO, hto 6e3 onpoGoBamui Ha o6beierax c H3BecTHbiMH CTpoeHneM h 
CBOHCTBaMH B4T, noflTBep^K/iaiomero flOCTOBepHOCTb nojiynaeMbix pe3yjibTaTOB, npaBOMep- 
HOCTb npHMeHeHHa TaKofi mctoahkh He MO>KeT CHHraTbca b ^ocTaTOHHOH Mepe oSoCHOBaH- 
hoh. B flaHHOH paGoTe npe#CTaBJieHbi pe3yjibTaTbi TecTnpoBaHHa mctoahkh [ 1 , 2] Ha ^aHHbix 
4)H3HnecKoro MOflennpoBaHHa j\jw HecKOJibKHx MOflenen c KompojiHpyeMbiMH CTpoeHneM h 

CBOHCTBaMH BHP. 
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MeTOflHKa npoBefleHHa 3KcnepHMeHTOB, k&k h npoueflypa o6pa6oTKH 3KcnepHMeH- 
TajibHbix flaHHbix, OTJiHHanacb ot mctoahkh, npHMeHaBineftca flna ceftcMHHecKoro Mracpo- 

paHOHHpOBaHIM peajIbHOH TeppHTOpHH [1, 2], TOJIbKO TeM, HTO H3MepeHH3 npOBOflHJIHCb B 

yjibTpa3ByKOBOM flHana30He nacTOT Ha MacuiTaSHbix MOflejisx BHP. Cxeivta 3KcnepHMeHTOB 
npHBefleHa Ha pnc. 1 . 



riepeflBMJKHoCi 




OMKCHpOBaHHblfi 






AaTHWK 




YCHJlMTeJlb 


1 


' 1 


t 




L4n0pOBOti 
ocunjiJiorpact) 



nK 



AKyCTHHeCKH V\ LLiyM 

Phc. 1 - CxeMa 3KcnepHMeHTOB 

PerHCTpau,Ha HiyMOBbix CHraajiOB npoH3BOflHJiacb Ha BepxHHx noBepxHOcrax MO#e- 
Jieft flByMa HinpoKonojiocHbiMH flaTHHKaMH nopuiHeBoro rana, H3roTOBJieHHbiMH Ha ocHOBe 

flHCKOB H3 nbe30KepaMHKH IITC-19 flHaMeTpOM 2 MM H TOJimHHOH 1 MM. OCH MaKCHMajIbHOH 

HyBCTBHTenbHOCTH flaTHHKOB SbiJiH opneHTHpoBaHbi nepneHflHKynapHO nOBepXHOCTSM, Ha 
KOTopbix npoBOflHJiHCb H3MepeHHa, no3TOMy perHCTpnpoBajiHCb npenMymecTBeHHO BepTH- 
KanbHbie KOJieSaHHa. 

KaK H B MeTOflHKe CeHCMHHeCKOrO MHKpOpaHOHHpOBaHHJI [1, 2], OflHH flaTHHK HC- 

nojib30Bajica KaK onopHbin - b 3KcnepHMeHTax c Ka^Kfloii MO#ejibio oh Kpennjica HenoflBH>K- 
ho b oflHOH H3 ToneK Ha ee BepxHeii noBepxHOCTH h ero nonoaceHHe b Tenemie Bcero 3Kcne- 
pHMeHTa He MeroiJiocb. Btopoh ^aTHmc b xo^e 3KcnepHMeHTOB nocjieflOBaTenbHO ycraHaB- 
jiHBauca TaiOKe Ha BepxHen noBepxHOCTH MOflenn b y3Jiax KBa^paTHOH ceTKH paBMepHOCTbio 
23 x 23. IHar ceTKH cocTaBJian 1 cm. Ilocjie ycTaHOBKH nepeflBH>KHoro ^aTHHKa b Ka>K/iOH 
TOHKe CHCTeMbi HaSjiiOfleHHH npoH3BOflHJiacb CHHxpoHHaa 3anncb HiyMOBbix CHraanoB ot 
oSohx flaTHHKOB - nocne npeflBapHTenbHoro ycjuieHHa ohh perncTpHpoBajiHCb flByxKaHajib- 
hmm HH^poBbiM ocH,HJiJiorpa4)OM B-423 h 3anHCbiBajiHCb Ha mqctkmPl #hck nepcoHaubHoro 
KOMnbiOTepa (IIK) ^Jia noaneflyiomeH o6pa6oTKH. fljiHTenbHOCTb perncTpauHH npn Ka>KH0M 
nojio>KeHHH nepeflBH5KHoro ^aTHHKa cocTaBJiajia npHMepHO 2 c npn nacTOTe flHCKpeTH3au,HH 
1 MTn. 

IIpHMeHeHHe o#Horo hjih HecKOJibKHx flaTHHKOB b KanecTBe onopHbix no3BOJiaeT hc- 
nojib30BaTb pa3HOBpeMeHHbie flaHHbie, nojiyHemibie c noMombio ManoKaHanbHOH (b HauieM 
CJiynae flByxKaHajibHoM) annapaTypbi ^Jia HMHrauHH oflHOBpeMeHHbix HaSnio/ieHHH b Sojib- 
hiom HHCJie ToneK. AjiropHTM nepecneTa #aHHbix k «e#HHOMy» BpeMeHH, nporpaMMHaa pea- 
jiH3au,Ha KOToporo Hcnojib30Banacb npn o6pa6oTKe ^aHHbix (|)H3HHecKoro MOflennpoBaHHa, 
onncaH b [1, 2]. 3tot auropHTM no3BOJiaeT no uiyMOBbiM flamibiM, nojiyHeHHbiM npn pa3HO- 
BpeMeHHbix HaSniOfleHHax b pa3Hbix TOHKax HcaneflyeMoro oSbeKra, h flonojiHHTenbHbiM 

flaHHbIM, CHHXpOHHO 3anHCaHHbIM B OflHOH HJIH HeCKOJIbKHX HenOflBH>KHbIX OnOpHblX TOH- 

Kax, 34)4)eKTHBHO Bbi^ejiaTb KorepeHTHbie KOJieSamia, CBa3aHHbie co ctojihhmh BOJiHaMH, Ha 
(})OHe HeKorepeHTHoro uiyMa. 

3KcnepHMeHTbi npoBOflHJiHCb Ha oSbeMHbix (J)H3hhgckhx MO^ejiax, H3roTOBJieHHbix 
H3 Tpex BHflOB SeTOHa, flna npHroTOBJieHna KOTopbix Hcnonb30Bajica peiHOH necoK c pa3Me- 
paMH nacTHu, p,o 2 mm h HeMem- MapKH M400 b pa3Hbix BecoBbix cooTHOiueHHax. CocTaB hc- 
nojib30BaHHbix npn H3roTOBJieHHH MOflejien u,eMeHTHbix CMeceM h H3MepeHHbie b MOflenbHbix 
MaTepnanax ckopocth npoflOJibHbix bojih V p h huothocth p npHBefleHbi b TaSjinue. 
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3HaneHHe npoaojibHbix CKopocTeft SeTOHa pa3JiHHHbix cocTaBOB 



N° SeTOHa 


IlecoK/u,eMeHT 


V p , m/c 


p, t/cm 3 


1 


4:1 


1350 


1.48 


2 


2:1 


2760 


1.94 


3 


1:1 


4450 


2.27 



MoflenH HMenH (})opMy, KaK npaBHJio, 6nH3Kyio k npaMoyrojibHbiM napajniejienHne- 

naM. CxeMaTHHecKoe H3o6pa»ceHHe HCCJienoBaHHbix MonejieH noKa3aHO Ha pnc. 2. 

a 6 B 




Phc. 2 - TeoMeTpHa MoaeJien: a - AByxcnoHHaa n 6- Tpexcjioifflaa cpczjbi; e - cjioh 
nap, BepTHKajibHOH rpaHHHefi 6jiokob; z - BbiKJiHHHBaiomHHca npHnoBepxHOCTHbm cjioh; d 
- jiHH3a Haa cjioamh. 1 - 3 - HOMepa 6ctohob (cm. TaGjinuy) 



HaKonneHHe no BpeMeHH aMnnHTyijHbix cneKTpoB hcxojxhmx nByxceKyHnHbix niyMO- 
bhx 3anHceM, pa36HTbix Ha ynacTKH no 4096 otchctob, h hx ocpenHeHHe no BceM TOHKaM 
HaSniOfleHHa ana Ka>KnoH H3 3thx MonejieH noKa3ajio, hto Ha cyMMapHbix cneKTpax noaBJia- 
K)Tca pe30HaHCHbie nnKH hmchho Ha nacTOTax, Kparabix 18,4 n 27 kTii. B to >Ke BpeMa Ha 
cneKTpe #Jia TpexcnoHHOH MonejiH 3aMeTHbix nHKOB, CBa3aHHbix c pe30HaHcaMH b cpenHeM 
cnoe, He HaSiiiOflaeTca, xotji 3Ta Monejib 6bi.ua H3roTOBJieHa H3 jjByxcjiOHHon MonejiH nyreM 
AoSaBJieHHa k Hen CBepxy eme onHoro cuoa. TaioKe hh njia ohhoh, hh fljia npyroii MonejiH b 
cneKTpax HeT aBHbix nnKOB, CBa3aHHbix c pe30HaHcaMH b HHJKHeM cnoe (npn ero TOJiiHHHe 8 
cm h ckopocth V p = 4450 m/c nacTOTbi 3-thx nnKOB nojKKHbi SbiTb KpaTHbi 27,8 kTu). 3to 

CBHfleTeJIbCTByeT O TOM, HTO H3 BCeB03MO)KHbrX pe30HaHCOB, B03HHKaiOmHX B reojiorHHecKon 

cpene, HanSojiee CHJibHO Ha ^HeBHon noBepxHOCTn npji>KHbi npoaBJiaTbca pe30HaHCHbie jib- 
jieHHa b BHP. 

IIpH CeHCMHHeCKOM MHKpopaHOHHpOBaHHH, B TOM HHCJie H C HCnOJIb30BaHHeM MHK- 

pocencM, oSbiHHO onpenejuieTca ycHJiemie KOJieSaHHH b pa3Hbix MecTax HcanenyeMoro 
ynacTKa OTHOCHTeiibHO KOJieSaHHH Ha noBepxHOCTH HeKOToporo STajiomioro rpyHTa. TaK 
KaK none MHKpocencM b o6meM cnynae HMeeT HecTau,noHapHbiH xapaKTep, MeTonbi cencMn- 
necKoro MnKpopanoHnpoBaHna, ocHOBaHHbie Ha ero pa3HOBpeMeHHbix H3MepeHHax ManoKa- 
HajibHOH annapaTypoM, Moryr npHBOflHTb k SojibuiHM norpeiHHOCTaM. MeTOHHKa [1, 2], b 
KOTopoM, KaK OTMenajiocb Bbime, peanH30BaH nepecneT pa3HOBpeMeHHbix naHHbix k «enH- 
HOMy» BpeMeHH c Hcnonb30BaHHeM chhxpohhmx 3annceH b onopHbix TOHKax, no3BOJiaeT 
cymecTBeHHO noBbiCHTb tohhoctb MHKpopaHOHHpoBaHHa no MHKpocencMaM 6e3 npoBene- 

HH3 flOpOrOCTOaniHX MHOrOKaHajIbHblX CHHXpOHHblX H3MepeHHH. 
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3to h noKa3anH pe3ynbTaTbi, nojiyneHHbie Ha nepBbix #Byx MO#ejiax (pnc. 2, a, 6) 
fljia pacnpefleneHHa aMiunrryfl HH3ineH moam ctoshhx bojih no iuiomaflH HaSjnofleHHH ^jiji 
flByxcjiOHHOH h TpexcjiOHHOH MOflejiH cpe# flo h nocne nepecneTa k «eflHHOMy» BpeMemi. 
ToHHOCTb onpefleneHHa aMmiHTyfl nocne nepecieTa B03pacTaeT b 5 - 10 pa3. Pe3yjibTaTbi 
fljia flByxcjiOHHOH cpeflbi npHBe#eHbi Ha pnc. 3. 




0 2 4 6 8 10 12 14 16 18 20 22 0 2 4 6 8 10 12 14 16 18 20 22 

X, CM X, CM 

Phc. 3 - PacrrpefleJieHHe aMnnHiyzi HH3ineH mozjm ctoshhx bojih Ha BepxHen rpaHH MojjeJiH 
^ByxcjioHHOH cpe^w (a) h nocjie (6) nepecneTa pa3HOBpeMeHHbix jjaHHbix k «e^HHOMy» BpeMeHH 

Pe3yjibTaTbi, nojiynemibie fljia TpexcjiOHHOH cpe^bi, nojiynHJincb aHajiorHHHbiMH, no- 

3TOMy HX 3fleCb He npHBOflHM. 

Pe3yjibTaTbi, nojryneHHbie fljia eme o#hoh MOflejiH cjioji nocToamiOH moluhocth 
(pnc. 2, e), 3aneraiomero Ha# BepTHKanbHOH rpaHHu,eH #Byx Sjiokob h3 pa3Hbix MaTepnajiOB, 
noKa3biBaiOT BJinaHHe noflCTHJiaioineH cpe#bi Ha pe30HaHCHbie CBOHCTBa npHnoBepxHOCTHO- 
ro cjioa. ^acTOTa HH3ineH MOflbi ctojihhx bojih Ha Been njioma^H HaSjuoflemiH b stom cjiy- 
nae 6bi.na nopa^Ka 10,4 kTh (pnc. 4). 

B to »ce BpeMa aMirnm-y^a HH3ineH MOflbi Ha# Gjiokom h3 6eTOHa-2 Ha 30 - 40% bh- 
nie, neM Ha/i Gojiee acecTKHM Sjiokom h3 6eTOHa-3, npHMepHO TaKaa ace 3aKOHOMepHOCTb 
HaSjuoflaeTca h ^Jia mo# Sojiee bmcokhx nopaflKOB. 

Phc. 4 TaK>Ke HJuiiocTpHpyeT, Kaic CBoilcTBa noflCTHJiaiomeH cpe^w bjihjiiot Ha aM- 
njiHTyflbi pe30HaHCOB b npHnoBepxHOCTHOM cjioc KaK bh^ho h3 pncymca, aMnjinryfla hh3- 
Hien MOflbi Hafl Sjiokom h3 SeTOHa B2 npHMepHO Ha 10 % HHace, neM Ha# 6ojiee acecTKHM 
Gjiokom h3 SeTOHa B3. IIoxo>Kaa 3aKOHOMepHOCTb HaSjnoflaeTca h fljia mo# Sojiee bmcokhx 
nopaflKOB. 3th pe3ynbTaTbi xopouio corjiacyKxrca c ^aHHbiMH KOMnbiOTepHoro MOflejinpoBa- 

HH3, npOBe/ieHHOrO flJUI flaHHOH MOfleJIH (pHC. 5), HTO rOBOpHT O BblCOKOH 3(j)CpeKTHBHOCTH 

HCCJieflyeMoro MeTOfla onpeflejiemui pe30HaHCHbix cbohctb BepxHen nacra pa3pe3a no my- 
MOBOMy nojno. 

Bojiee cjioacHbiH Tnn BHP c H3MeHaioineHca no jiaTepajin MomHOCTbio b Hauinx skc- 
nepHMeHTax MO^ejinpoBajica paBHOMepHO BbiKJiHHHBaioinHMca CJioeM, jie>KamHM Ha# ^ByMs 
Gojiee BbicoKOCKopocTHbiMH ropH30HTajibHbiMH cjioaMH nocToaHHOH MOinHOCTH (pnc. 2, z). 

B OTJIHHHe OT OflHOpOflHblX CJlOeB, pe30HaHCHbie CBOHCTBa BblKJIHHHBaiOinHXCa CJIOeB flOJDK- 
Hbl MeHSTbCa OT TOHKH K TOHKe C H3MeHeHHeM HX MOLUHOCTH (b HanpaBJieHHH BblKJIHHHBa- 
HH») H SblTb HeH3MeHHbIMH flJIS Ka>KflOH nOnepeiHOH BblKJlHHHBaHHK) J1HHHH (pHC. 6). 

3to noflTBep^aiOT 3KcnepHMeHrajibHbie flaHHbie, nojiynemibie HaMH ^Jia bmkjihhh- 
Baionieroca CJioa. Pacnpeflejiemie nacTOT HH3ineH MOflbi ctoshhx bojih Ha BepxHeil rpaHH 
MOflejiH noKa3ajio, hto b HanpaBJieHHH BbiKJiHHHBaHHa cjioa B03pacTaHne nacTOTbi HMeeT rn- 
nepSojinnecKHH xapaKTep, b to BpeMa KaK nepneH^HKyjiapHO 3TOMy HanpaBJieHHio H3MeHe- 
hhh nacTOTbi npaKTHHecKH He HaSnioflaeTca. 
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AMnnnTyfla 
oth. efl. 

1 0.82 
1 0.805 

0.7<-> 

0.775 
1 0.76 
1 0.745 
1 0.73 
' 0.715 



10 12 14 16 18 20 22 

X CM 




AMn/iMTyaa, 
oth. efl. 



0.82 

0.805 

0.79 

0.775 

0.76 

0.745 

0.73 

0.715 



10 12 14 16 18 20 22 

X CM 



Phc. 4 - PacnpcaeJieHHe aMiuiHTy/i HH3ineH mo^m ctojihhx bojih Ha BepxHeB rpaHH moacjih cnoa Ha^ 
BepTHKanbHOH rpaHHuefl 6jiokob ro (a) h nocne (6) nepecneTa pa3HOBpeMeHHbix ijaHHbix k «eiJ,HHOMy» 
BpeMeHH. BepTHKanbHaa rparoma b noacTHnaiomeH cpejje cooTBeTCTByeTX=9,5cM, 30Ha noBbiiiieH- 
Hbix aMnjiHTyfl cneBa ot rpaHHHbi HaxoflHTca Haa 6oJiee jkcctkhm Gctohom B3 



1 

K 0.98 

£ g 0.96 
S ? 

O | 0.94 

1.1 092 
o 

X 0.9 



0.88 



■ KowinbioTepHoe 
MOflejiMpOBaHwe 

+ 3KcnepnMeHT 



0 2 4 6 8 10 12 14 16 18 20 22 
X, CM 

Phc. 5 - AMnjiHTy^bi HH3ineH MOflbi CToannx bojih Ha BepxHefi rpaHH MoaeJiH cnoa na% rpaHHHefi 6jio- 
kob, nojiyHeHHbie jijw jihhhh 7=1 1 cm 3KcnepHMeHTanbHo h npn KOMnbioTepHOM MoaenHpoBaHHH 



AiuinnHTyfla, 
oth. efl. 




6 8 10 12 14 16 18 20 22 

X CM 



10 12 14 16 18 20 22 

X CM 



Phc. 6 - PacnpeaeneHHe nacTOT (a) h aivinjiHTyfl (5) HH3ineH Mo^bi CToannx bojih Ha BepxHen 
rpaHH Mo^eJiH BbiKJiHHHBaiomeroca cjioa. CTpcJiKaMH noica3aHO HanpaBJieHHe bmkjihhhb aHHa 



Mo/iejib (pnc. 2, d) HMHTHpoBajia jiHH30BHflHyio Bna^HHy, 3anojiHeHHyio oca^icaMH c 
noHH)KeHHbiMH ceHCMHHecKHMH CKopocTaMH. Pacnpeflejiemie nacTOT h aMiuiHTyfl HH3ineH 
MOflbl CT03HHX BOJIH MOfleJIH (pnc. 2, d) noKa3aHO Ha pnc. 7. 
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KaK BHflHO H3 pHC. 6, AJW MOfleJIH JIHH3M YLSLfl, rOpH30HTajIbHbIMH CJIOJIMH (pHC. 2, d) 

H30JIHHHH KaK HacTOT, TaK h aMnjiHTyfl HH3ineM MOflw CToaHHx bojih Ha ee BepxHeM rpaHH B 

OCHOBHOM HMdOT (})OpMy, 6jIH3KyK) K KOHnempHHeCKHM OKpyXCHOCTJIM. IIpH 3TOM, KaK H B 

CJiynae BbiKJiHHHBaiomeroca cjioji, yBejinHemie nacTOT h aMnjiHTy^, OTHOcmejibHO ruiaBHoe 
b uempajibHOH nacra jihh3m, npoHCxoflnr c pe3KO B03pacTaiomHM rpaflHenroM npn yvieHb- 
uieHHH MomHOCTH jiHH3bi ot ee nempa k KpaaM. 



3aKjuoneHue 

B paGoTax Ha pe3yjibTaTax (j)H3HHecKoro MOflejinpoBaHHa HjnnocTpHpyeTca bo3mo»c- 
HOCTb BbifleneHHa CToannx bojih H3 myMOBoro nona b KmiorepnpBOM #Hana30He nacTOT. 
3(J)(J)eKTHBHbiM HHCTpyvteHTOM ^Jia TaKoro BbifleneHHa MO>KeT cjiyacnrb MeTOflHKa, pa3pa6o- 
TaHHaa b AC3> TC CO PAH jxjik oScjieflOBaHHa 3/jaHHH h c o opy>KeHHH ctoshhmh BOJiHaMH, 
flonycKaiomaa npoBeflemie HecHHxpoHHbix H3MepeHHH Ha huothoh ceTH HaSjiiOfleHHH Majio- 
KaHajibHOH annapaTypoH c nocjie#yiomHM npHBeflemieM pa3HOBpeMeHHbix flamibix k e#H- 
HOMy BpeMeHH. 3KcnepHMeHTanbHbie pe3yjibTaTbi noKa3ajiH, hto ^aHHaa MeTOflmca MoaceT c 
ycnexoM npHMerorrbca h fljia o6cjieflOBaHHa OTHOCHTenbHO HeSojibuinx oSbeKTOB, Hanpn- 
Mep, paBJiHHHbix KOHCTpyKTHBHbix 3JieMeHTOB coopy>KeHHH, TaKHx KaK SanKH hjih TpySo- 
npoBOflHbie CHCTeMbi. 

(I>H3HHecKHe flaHHbie xoponio corjiacyKxrca c ^aHHbiMH KOMnbiOTepHoro MOflennpoBa- 

HH3, HTO rOBOpHT 0 npaBHJIbHOCTH 3KCnepHMeHTOB. 

IIo pe3yjibTaTaM TpexMepHoro (|)H3HHecKoro MOflejinpoBaHHa HCCJieflOBaHbi B03M05K- 
hocth onpefleneHHa pe30HaHCHbix cbohctb BepxHen nacTH pa3pe3a no 3anHcaM MHKpocencM. 
IIoKa3aHO, hto peajiH30BaHHbiH b flaHHoii MeTOflHKe nepecneT pa3HOBpeMeHHbix ^aHHbix k 
«eflHHOMy» BpeMeHH no3BOJiaeT b 3HaHHTejibHOH Mepe HKBejinpoBaTb HCKajKeHHa, CB»3aH- 
Hbie c HecTau,HOHapHbiM xapaKTepoM MmcpoceHCMHHecKoro nojia. 3KcnepHMeHTajibH0 hc- 
CJieflOBaHbi MOflenH B^P HecKOJibKnx bh^ob: flByxcjiOHHaa h TpexcjiOHHaa cpe#bi. IIoKa3aHO, 
hto paccMaTpHBaeMaa MeTOflHKa no3BOJiaeT no 3aperacTpHpoBaHHbiM Ha noBepxHOCTH B^P 
MHKpoceiiCMaM HCCJieflOBaTb pacnpeflejiemie nacTOT h aMrniHTy^ OTflejibHbix moa ctojihhx 
bojih Ha ynacTKe, tjxq npoBOflSTca H3MepeHHa. KapTbi cneKTpajibHbix aMnjiHTyfl, nocTpoeH- 
Hbie fljia (|)HKCHpoBaHHbix nacTOT, Moryr SbiTb Hcnojib30BaHbi #jia Bbi^ejieHHa ynacTKOB c 

nOBblHieHHblMH flJia flaHHblX HaCTOT pe30HaHCHbIMH cbohctb aMH. 
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OBECnEHEHHE YCTOHHHBOCTH 
KPEIIH B nPOHECCE 
CTPOHTEJIBCTBA 
BEPTHKAJIBHBIX CTBOJIOB 



PROVISION SUPPORT STABILITY IN 
THE PROCESS OF VERTICAL SHAFT 
SINKING 



AnHomauun: 

Ilo pe3yjibmamaM 3KcnepuMenmajibHbix u3Mepe- 
huu detpopjwauuu zopubix nopod, oKpysKaroufwc 
eepmuKajibHbiu cmeoii uiaxmu, ebinenena pezpec- 
cuohhcih 3aKOHOMepHocmb ee u3MeHemiH e cen3u c 
yzjiydjienueM 3a6on cmeoiia. ffaHO meopemmeCKoe 
mojiKoeciHite 3(iKOHOMepHocmu, ucxodn U3 nna- 
cmimHo-ynpyzux ceoucme zopnozo Maccuea. IJpu- 
eedemi npciKinimecKue eueodbi u peKOMeudauuu. 

Knmneebie cnoea: cmeon uiaxmbi, yzjiydtm 3a6on, 
zopHbiu Aiaccue, detpopMauun, pezpeccun 



Abstract: 

According to the results of experimental measure- 
ments of rock's deformation surrounding the 
mine's vertical shaft, regression regularity of its 
change in connection with deepening the shaft's 
face is revealed. The theoretical interpretation of 
the regularity in terms of rock mass plastic- elastic 
properties is given. Practical conclusions and rec- 
ommendations are presented. 

Key words: mine's shaft, face deepening, rock 
mass, deformation, regression 



Ilo Mepe npoxoflKH h yrjiySiCH BepTHKajibHbix ctbojiob Hanpaacemie MaccHBa OKpy- 
acaiomHx ropHbix nopofl noBbiuiaeTca, hto mtokct npHBOflHib k HCKpHBJieHHio hx KOHTypoB, 
noTepe npoeKmoro ceneHHa, a TaioKe bo3hhkhobchhk> onacHbix fljia paSonnx BbiBajiOB h 
BbiGpocoB nopoflbi. BbinojiHemie cooTBeTCTByiomHx peMOHTHbix paGoT Tpe6yeT 3HaHHiejib- 
hmx (})HHaHCOBbix h BpeMeHHbix 3aTpaT. IIo3TOMy oSecneneHHe ycroHHHBOCTH Kperoi BepTH- 
KanbHbix ctbojiob, a cueflOBaTejibHO, h 6e3onacHOCTH b npouecce hx crpoHTejibCTBa npe#- 
CTaBJiaeTca aKTyanbHbiM h Ba>KHbiM. 

KpenH CTBOJIOB HaXOflJITCa nOfl B03#eHCTBJieM rpaBHTailHOHHblX H TeKTOHHHeCKHX 

Hanpa>KeHHH, KOTopbie 3aBHcaT ot reojiorHiecKoro CTpoeiuui OKpyacaiomero MaccHBa rop- 
Hbix nopofl h hx (J)H3HKO-MexaHHHecKHx cbohctb. OcHOBHbiM (haieropoM, onpeflejiaiomHM 
xapaKTep HapacTaHHa ropH30HTanbHbix HanpjDKeHHH npn yraySice 3a6oa uiaxTbi, aBJiaeTca 
fle4)opMau,HH ropHoro MaccHBa KaK chuohihoh njiacTHHHO-ynpyroH cpe^bi, Bbi3BaHHaa pa3- 
rpy3KOH, t. e. pa3ynjiOTHeHHeM b Komype CTBOJia. B paGoTe [1], nocBamemiOH 3Kcnepn- 
MeHTajibHbiM fle(hopMaii,HOHHbiM HCCJieflOBaHHaM, noKaBaHO, hto Kpenb CTBOJia Harpy>KaeTca 
no ero nepHMeTpy HepaBHOMepHO H3-3a pa3Horo ^eiiCTBHa flonojiHHTejibHbix (haicropoB. K 
hum OTHOcaTca noflBH>KKH KOHCOJiHflHpoBaHHbix Gjiokob oicpyacaioniHx ropHbix nopofl, BJIH- 
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3HHe HX aHH30TpOnHOH CTpyKTypbl, HajIHHHe JIOKajIbHblX 30H TpemHHOBaTOCTH H oSBOflHe- 

hhji. y CTaHOBJieHO , hto no Mepe ytjajieHHa ot 3a6oa MHHHMajibHbie h MaKCHMajibHbie 3Hane- 
HHa ropH30HTanbHOH ^eo^opManHH KpenH B03pacTaiOT c nocTeneHHbiM nepexo^OM k CTa- 
SitiibHOMy cocToaHHio. OflHaKO flo HacToamero BpeMeHH 3to aBJiemie TeopeTHnecKH He 06b- 
acHeHO. Ero CTaHOBJieHHe h pa3BHTHe He OTo6pa>KeHO KOJiHnecTBeHHbiMH xapaierepHCTHKa- 

MH H (J)yHKHHOHajIbHOH 3aKOHOMepHOCTbK) . B flaHHOH paSoTe npHBefleHbl pe3yJIbTaTbI 3KC- 

nepHMeHTaubHbix HCCJieflOBamiH, BOcnojmaiomHe OTMenemibiH HeflOCTaTOK. 

ropH30HTanbHaa fle(j)opMaii,Ha U chuoihhoh cpe^w ropHbix nopo/i, OKpyacaiomnx 
ctboji uiaxTbi, 3aBHCHT b ochobhom ot hx nuacTHHHbix h ynpyrHx cbohctb, paccToaHHa H no 
BepTHKajiH j\o 3a6oa h flHaMeTpa D CTBOJia. IIpeflCTaBHM fle(|)opMaii,Hio h paccToaHHe j\o 3a- 
6oa b OTHOCHTenbHOM BH^e, cooTBeTCTBeHHO, u =U /D h h = H / D. CocTaBHM ypaBHeHHe, 
CBJi3biBaiomee OTMeneHHbie BejiHHHHbi b CTannoHapHOM, T.e. ycTaHOBHBineMca no pe3ynbra- 
TaM fle^opMannn, coctojihhh ropHbix nopofl. ^encTBne 4)aieropa nuacTHHecKon ^e4 )0 P Ma " 
hhh Bbipa>KaeTca flHcj^epeHnnajibHbiM cooTHomeHneM du n — k n dh , r#e k n — ko3(|)(})hii,h- 
enr, xapaKTeproyiomHH CBoncTBa njiacTHHHoro c#BH>KeHHJi ropHbix nopofl. OSpaTHoe flen- 
CTBne (})aKTopa ynpyron cflBnroBon fle^opMannn Bbipa3HM cooTHomeHneM du Y = —udh/k , 

trq X - OTHOCHTejibHaa fljiHHa BepTHKajibHon pejiaKcau,nn ynpyroro HanpjDKeHHJi. CyMMap- 
Hoe flencTBne 4)aKTopoB onncbiBaeTca cjie#yiomHM flHcJ^epeHHHajibHbiM ypaBHeHneivi: 

udh 



du = k„dh - 



HnrerpHpya flamioe ypaBHeHne npn rpamiHHOM ycnoBHH m/ ! =o=0, nonyHHM TeopeTHnecicyio 

3aBHCHMOCTb u{K) B o6meM BHfle. 

h 

u(h) = uSl-e X ), (1) 

iTje = k^k - c6ajiaHcnpoBaHHaa OTHOCHrejibHaa AecJjopManna ropHon nopoflbi. 

3KcnepnMeHTajibHaa npoBepKa TeopeTHnecKon 3aBncnMOCTn u(h) n KOJinnecTBeHHaa 
oneHica cooTBeTCTByiomnx Koa^HnnenroB u«, , X npoBe^eHa no pe3ynbraTaM mohhtophh- 
roBbix H3MepeHHH Hanpa>KeHHO-fle4)opMHpoBaHHoro coctojhthji Kpenn n OKpy>Kaioniero 
MaccHBa ropHbix nopofl Ha maxTax «U,eHTpajibHaa» («flHK») h «MojiOfleacHaa» ,Z],OHCKoro 
ropHO-oSoraTHTenbHoro KOMSHHaTa. MaccHB cjio>KeH yjibTpaocHOBHbiMH nopoflaMH cnjiy- 
pHHCKoro B03pacTa, npeflCTaBJieHHbiMH nepH^OTHTaMH, nnpoKceHOBbiMH h cepneHTHHH3H- 
poBaHHbiMH flyHHTaMH. TeKTOHHHecKHe HapymeHHa MaccHBa conpoBoac^aiOTca onepjnomH- 
mh 6onee MenKHMH 30HaMH TpemHHOBaTOCTH, hto onpeflejiaeT ero SnoKOBoe CTpoemie. 
Kaacflbin Sjiok b cbok) onepe^b pa36nT ceTbio pa3HO opHeHTHpoBaHHbix MHKpoTpemHH. 
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OTHomeHne paccTOHHua flp 3a(5oH, KflnaMeTpy CTao/ia L/D, oth. efl. 



2.50 
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Phc. 1 - OTHocHTejibHoe civiemeHHe nopo^Hbix ctchok b6jih3h 3a6oa 
b rrpouecce npoxo^KH CTBOJia «/],HK» 
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H3MepeHHe fle^opMainin tioShhfoboh h Sctohhoh icpenn, a TaK>Ke nopo^Hbix ctchok 
MaccHBa BbinojiHajiHCb MeTOflOM SojibniHx 6a3 h MeTOflOM inejieBoii pa3rpy3KH. H3MepeHHa 
npoBOflHJiHCt b paBHOMepHO pacnpeflejieHHbix TOHKax no nepHMeTpaM oicpy>KHOCTeH CTBOJia, 
Haxoflamnxca Ha pa3Hbix (J)HKCHpoBaHHbix paccToaHiurx ot ero 3a6oa. IIpH yrjiySjieHHH 3a- 
6oa oflHHM h TeM >Ke (J)HKCHpoBaHHbiM paccToamuiM cooTBeTCTBOBanH TaK >Ke CMemeHHbie 
nepHMeTpbi. Ha pnc. 1 npeflCTaBJieHbi pe3yjibTaTbi H3MepeHHH flec^opMannn OKpy>Kaiomero 
MaccHBa b6jih3h 3a6oa b nponecce npoxoflKH CTBOJia «^HK». H3MepeHHa fle(|)opManHH, 3a- 
perHCTpHpoBaHHbie Ha nepHMeTpax npn (J)HKcnpoBaHHOM paccToaHHH ot 3a6oa, ycpeflHeHbi. 
Ohh OToSpaacaiOT flencTBHe ocHOBHoro (})aKTopa nnacTHHHO-ynpyrHx cbohctb OKpy>Kaiome- 
ro ropHoro MaccHBa h »bji»iotcji 3HanHMbiMH flua ^aHHoro aKcnepHMenra. OTKJiOHeHHa 3a- 
perHCTpHpoBaHHOH flec^opMauHH ot cpeflHHx 3HaneHHH oSbacronoTca ^encTBHeM ynoMaHy- 
tmx Bbiuie flonojiHHTejibHbix ^aieropoB, KOTopwe npn noHCKe 3aBHCHMOCTH u(h) aBJiaiOTca 
He3HaHHMbiMH. IIo3TOMy TaKHe OTKJiOHeHHa fle(J)opMaLi,HH BOcnpHHHMaiOTca KaK cjiynaHHbie 
h coBMecTHO c norpeniHOCTbio H3MepeHHH xapaiereproyiOTca cpeflHHM KBa^paTHnHbiM 3Ha- 
HeHHeM a u =0,0018. PacnpeflejieHHe ToneK cpe#HHx 3HaneHHH OTHOcnrejibHOH fle^opMannn 
h HHTepBanoB ee cjiynanHbix otkjiohghhh g« noKa3aHO Ha pnc. 2. 

Ilo pe3yjibTaTaM 3KcnepHMeHTajibHbix H3MepeHHH fle^opMannn nocTpoeHa ee Hejin- 
HeHHaa 4)yHKu,HOHajibHO-(})aKTopHaa perpeccna, MeTOflOJiorna KOTopon onncaHa b paSoTe 
[2]. IIpeflBapHTejibHO oneHeH ^onycTHMbiH HHTepBan 3HaneHHH Koacj^HnHenra ^eTepMHHa- 

UHH R 2 HCKOMOH perpeCCHOHHOH MOfleJIH, B KOTOpOM OHa C BepOSTHOCTblO 0,95 flOJDKHa 

6biTb a^eKBaTHa pacnpeflejieHHio 3aKOHOMepHOH h cjiynanHOH KOMnoHeHT b pe3yjibTaTax 
H3MepeHHH. IIo cpopMyjiaM — 1 2 n H — 1 2^ paCCHHTaHbl 

02, f U 

rpaHHHHbie 3HaneHHa HHTepBana: HH>KHee R 2 H =0,8925 h BepxHee i? 2 B =0,9364. 3#ecb 060- 
3HaneHo: / - hhcjio CTeneHen CBoSoflbi; % 2 ai,f h % 2 a2,f - nponenmbie tohkh pacnpeflene- 
HHa rinpcoHa Ha cooTBeTCTByiomHx ypoBHax ai=0,025 h a2=0,975; D u - flHcnepcna cpefl- 
hhx 3HaneHHH OTHOcnrejibHOH flec})opMaLi,HH. HcxoflHoe Bbipa>KeHHe perpeccna npHHjrro b 
BH^e ypaBHeHHa (1). Ero K03(|)4)HnHeHTbi onTHMH3HpoBaHbi no flamibiM aKcnepHMenrajib- 
hmx H3MepeHHH (tohkh Ha pnc.l). CooTBeTCTByioniHH pacneT npoBe^eH c noMombio kom- 
nbiOTepHOH nporpaMMbi nocTpoeHHa 4)yHKu,HOHajibHO-(})aKTopHbix ypaBHeHHH HejiHHeHHon 
perpeccHH c caMOonpeflejunomHMHca napaMeTpaMH h noBbimeHHon ^ocTOBepHOCTbio 
«TpeHflbi cDCIl-l». B pe3ynbraTe nojiyneHa cneflyioniaa MaTeiviaTHHecKaa MOflenb 3aBHCHMO- 
cth u{h): 

h 

u(h) = 0,0267(1 -e l > 0272 ). (2 ) 

Koa^nnneHT ee #eTepMHHan,HH i? 2 =0,9238 y^OBJieTBopaeT 3aflaHHOMy nnrepBajiy a^eKBaT- 
hocth, a cpe^Hee kb a/ip aTHHHO e OTKJioHeHne ToneK 3KcnepHMeHTajibHO H3MepeHHOH flec})op- 
Mau,nn ot nocTpoeHHOH perpeccHH a pe r=0,0017 noHTH coBna^aeT c npnBefleHHOH Bbime 
oneHKOH Ou. 3to 03HanaeT, hto OTKJiOHeHHa a per c BepoaTHOCTbio 0,95 oSbacHaiOTca no- 
rpenmocTbio H3MepeHHa h BJinaHHeM He3HanHMbix (|)aKTopoB, T.e. CTpyKTypHbix HeyHTeH- 
hmx HeoflHopoflHOCTen reojioranecKOH cpe^w jioKanbHoro ^encTBHa. CueflOBaTejibHO, flaH- 
hoh MOflejibio OToSpaaceHa 3aKOHOMepHOCTb BepTHKajibHoro pacnpefleneHna ropH30HTanb- 
hoh OTHOCHTenbHOH fle(})opMaLi,HH OKpyacaioniero MaccHBa, B03HHKaiomeH npn yxo^Ke 3a6oa 
BepTHKajibHoro CTBOJia. Ee rpa(J)HK noKa3aH Ha pnc. 2. 
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U. oth, ea. 

U, 




0 0,5 1 1,5 2 2,5 3 

Phc. 2 - PacrrpenejieHHe cpeflHeft otho cHTenbHOH ae(})opMauHH ropHoro MaccHBa 
h rpa(j)HK ee (J)yHKUHOHanbHO-(})aKTopHOH perpeccHH 



Otmcthm HeKOTopbie ocoSchhocth BburajieHHOH 3aKOHOMepHOCTH (2). KpyrH3Ha 
HapacTaHHa fle(})opMaHHH no BepTHicajiH CTBOJia onpeflejiaeTca OTHOCHTenbHOH ajihhoh pe- 
jiaKcau,HH X. HeM Sonbiue ee 3HaneHHe, TeM MeHbine KpyTH3Ha, T.e. rpac})HK 3aBHCHMOCTH 
u(h) CTaHOBHTca 6onee nonorHM. B HanieM HCCJie#OBaHHH ^Jia yjibTpaocHOBHbix nopofl no- 
jiyneHO 3HaneHHe ^=1,0272. Taicace nojiyneHO 3HaneHHe cGajiaHcnpoBaHHOH OTHOCHTejibHoft 
fle4>opMau,HH Moo =0,0257. Oho flocTHraeTca npn y^aneHHH ot 3a6oa Ha paccToamie, HaMHoro 
npeBbiniaiOHiee fljiHHy X. HenocpeflCTBeHHO fljiHHa pejiaiccaHHH X paBHa paccToamiio ot 3a- 

6os, npn kotopom pa3HOCTb — u(X) MeHbuie Ux, b e pa3, r^e e - ocHOBaHHe HaTypajibHO- 

ro jiorapH(|)Ma. Joannas HHTepnpeTaii,Ha ajihhm X OTMeneHa Ha pnc. 2. B6jih3h 3a6oa CTBOJia 

npn ycnoBHH h « X ^e^opMauHJi OKpyacaiomero ropHoro MaccHBa oSycnoBJieHa npe- 
HMymecTBeHHbiM BJinaHHeM ero nuacTHHecKHx cbohctb. TopHbie nopoflbi, BCJieflCTBHe okh- 
Maiomnx Hanpa>KeHHH, CMemaKxrca b HanpaBJieHHH ueHTpa CTBOJia. H3 Bbipa>KeHHa (2) b 

3tom HHTepBane CJie^yeT jiHHeHHaa 3aBHCHMOCTb u(h) = U^h / X . no Mepe yBejinneHHa 

OTHOCHTenbHoro paccToaHHa h HapacTaeT KOMneHcnpyiomee BJinaHHe ynpyron cflBHroBOH 
Ae4>opMaii,HH ropHoro MaccHBa. 3aBHCHMOCTb u(h) nepexo^HT ot jiHHeHHOH CTa^HH k c6a- 

jiaHCHpoBaHHOMy coctoshhio. Y)Ke Ha OTMeTKe h = 3X OTHomeHHe u(h) / M m cocTaBJiaeT 

0,95. 

OTHOCHTejibHbie 3HaneHHa fle(j)opMaHHOHHbix BejiHHHH u, h, X nepeBOflaTca b coot- 
BeTCTByiomHe aSconiOTHbie 3HaneHHa U, H, L nyreM yMHoaceHHa hx Ha flnaivieTp CTBOJia D. 
3iccnepHMeHTajibHbie HCCJie#OBaHHa npoBOflHJiHCb Ha CTBOJie c pa3MepoM D=S,5 m. 3#ecb 
fljiHHa pejiaKcau,HH h cSajiaHcnpoBaHHaa fle^opMauHa oueHHBaiOTca 3HaneHHaMH: Z=8,73 m, 
Ucv =0,22 m. B6jih3h 3a6oa CTBOJia, b HHTepBane 0 <H <4 m , (J)yHKHHJi fle^opMauiiH U(H) 
xoponio annpoKCHMHpyeTca jihhchhoh 3aBHCHMOCTbio U(H) = 0,025//. IIpH yBejiHneHHH H 
3ra 3aBHCHMOCTb yTpanHBaeTca. cDyHKHHJi U{H) nepexoflHT k c6anaHCHpoBaHHOMy coctoji- 
hhk). Oho npaKTHnecKH (})opMHpyeTca Ha paccToaHHH H>26 m (h>3X), r^e 3HaneHHa U(H) 

H Uao nOHTH He OTJIHHaiOTCa. 
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IIpoBefleHHbie HCCJieflOBaHHa npHBOflaT k cneflyiomHM npaierHHecKHM BbiBOflaM h pe- 
KOMeHflaii,HaM. IIocKOJibKy flec^opMauHH MaccHBa, Bbi3BaHHbie yxo^OM 3a6oa, BJieKyr 3a co- 
6oh HapyineHHe HejiocmocTH icpenn, Heo6xo#HMO B03BOflHTb nocToaHHyio Kpent nocne pe- 
ajiH3au,HH SojibineM aojih fle^opMauHH, He Hapyinaa npn 3tom TexHOJioraHecicyio cxeMy 
CTpoHTenbCTBa CTBOJia, KOTopaa 6bma BbiSpaHa npn npoeKTHpoBamiH. PeajiH3au,Ha Sojibineft 
nacTH flec})opMaLi,HH B03MO>KHa 3a cneT npHMeHeHHa onepe>KaiomeH pa3rpy3KH OKpy>Kaiome- 
ro MaccHBa b BH^e iihjiothoh BbipaSoTKH MeHbinero flnaivieTpa h rjiySnHOH, paBHOH p,mme 
pejiaKcau,HH X. KpoMe Toro, b KanecTBe TaMnoHa>KHoro pacTBopa fljia TioSnHroBOH Kpenn 
cneflyeT npHMeHaTb noflaTJiHBbiii MaTepnaji, HanpHMep, KepaM3HTo6eTOH. Ero c^Karae o6ec- 
nenHBaeTca nopHCTOH CTpyiaypoH h nponcxoflHT 6e3 noTepn npoHHOCTHbix cbohctb. IIpH 
3tom HanajibHaa TOJimHHa KepaM3HTo6eTOHa floiDKHa BbiSnpaTbca c yneTOM yMeHbineHHa 
oSbeMa H3-3a MaKCHManbHO bo3mo>khoh flec^opMauHH ropHoro MaccHBa. MaKCHManbHoe 
3HaneHHe cjiynaHHOH flec^opMauHH c BepoaTHOCTbio 0,99 cocTaBJiaeT 3a per . IIosTOMy Maic- 
CHManbHaa fle^opMauiui b HHTepBane h<3X oueHHBaeTca HapacTaiomeii (J)yHKHHeH u(h) + 
3cr per , a b HHTepBane h>3X cSanaHCHpoBaHHOH cyMMOH + 3cr per . 

IlHJiOTHaa BbipaSoTKa npoxoflHrca flo B03BefleHHa nocToaHHOH icpenn, nyTeM B3pw- 
BaHHa BpySoBbix ninypoB, raySHHa KOTopbix flOJi>KHa SbiTb He MeHbiue fljiHHbi pejiaiccaHHH 
X. OcTaBHiyioca aojiio fle(J)opMaii,HH MaccHBa BoenpHHHMaeT Ha ce6a ymiOTHaiomHHca Ke- 
paM3HTo6eTOH, npeflOxpaHaa TeM caMbiM Kpenb ot pa3pyiueHHa. 

JlHTepaTypa 

1. PbiSaK C.A. OcoSeHHOCTH CTpoHTenbCTBa h KpenneHHa BepTHKajibHbix ctbojiob b 

TeKTOHHHeCKH HanpjDKeHHOM TOpHOM MaCCHBe / C.A. PblSaK // TopHblH HH(})OpMaLI,HOHHO- 

aHanHTHHecKHH SiojuieTeHb. - 2008. - N° 5. - C. 200 - 206. 

2. Ahtohob B.A. OTo6pa>KeHHe ropHO-TexHOJioraHecKHx 3aKOHOMepHOCTeH (J)yHK- 
u,HOHajibHO-(})aKTopHbiMH ypaBHeHHaMH HejiKHeiiHOH perpeccHH / B.A. Ahtohob, M.B. .Hko- 
BJieB // IIpoSjieMbi Heflponojib30BaHHa. Ot^. Bbin. TopHoro HH(J)opMaixHOHHO-aHa- 
jiHTHnecKoro SioJiJieTeHa. OB11 / UTJl YpO PAH. - M.: TopHaa KHHra, 2011. - C. 571 - 
588. 
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MODELING OF SULFIDE OXIDATION 
PROCESSES IN THE TAILING DUMPS 
OF KOMSOMOLSKY REGION IN A 
WIDE TEMPERATURE RANGE AND 
THEIR IMPACT ON THE HYDRO- 
SPHERE 



AnHomauun: 

TIpueodHincH pe3yjibmambi Modenupoeanun dpe- 
HciDtcHbix eod Ha xeocmoxpanunuu^ax MecmopooK- 
demiu KoMCOMOJibCKOzo onoeopydnozo pauona 
(Xa6apoHCKUu Kpau) e unmepeane meMnepamyp 
om —10 do +45 °C. ycmaHoenenbi Eh - pH napa- 
Mempbi cucmeM mexnozennozo Munepaiioo6pa30- 
eanun npu pa3Hbix coomnouienunx nopoda - cyiib- 
(pudu (95:5, 90:10, 80:20 u 60:40) e xeocmax. 
PaccMompeH npouecc Kpucmaimu3ai4uu zunepzen- 
Hbix MUHepaiioe U3 MUKponopoebix pacmeopoe, 
ycmanoenen ux Kanecmeennbiu u Kommecmeennbiu 
cocmae, noKa3ano ux enuHHue Ha noHepxnocmnue 
u zpynmoeue eodbi pauona. 

Kmoueebie cuoea: qbu3UKo-xuMmecKoe Modenupo- 
eamie, zunepzene3, xeocmu, xeocmoxpanujiuw,e, 
ouenm 3KonozmecKozo cocmonnun, eepuqbiiKaifUH. 



Abstracts: 

The article presents modeling results of drainage 
water in the tailing dumps of the deposits of Kom- 
somolsky tin ore district in the temperature range 
from -10 to +45 °C. The authors researched Eh-pH 
parameters of technogenic mineral systems for 
different ratios host rock - sulfides (95:5, 90:10, 
80:20 and 60:40) in the tailings. The process of 
crystallization of hypergene minerals from mi- 
cropore solutions was considered, their qualitative 
and quantitative composition was determined, their 
impact on the surface and ground water of the area 
was shown. 

Key words: physicochemical modeling, hypergen- 
esis, tailings, tailing dump, assessment of ecologi- 
cal situation, verification. 
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Pa3BHTHe ropHopyflHOH npoMbinuieHHOCTH b KoMCOMOJibCKOM paMoHe XaSapoBCKoro 
Kpaa npoHCxoflHJio okojio 70 JieT. 3to npHBeno k HaiconjieHHio MHoroHHCJieHHbix KaHaB, Ka- 

ptepOB, HITOJieH H XBOCTOXpaHHJIHm, HTO CnOCoScTBOBajIO C03flaHHK) ropHonpoMbiniJieHHOH 

TexHoreHHOH CHCTeMbi ruiomaflbio b fleorncH reKTap, b KOTopoM ranepreHHbie npoueccbi aic- 
THBH3HpyiOTca SjiaroAapa yBejiHneHHio noBepxHOCTH conpHKOCHOBeHHa cynbcbH^OB c areH- 

TaMH BblBCTpHBaHHJI. 

B paMoHe #Be oSoraTHrejibHbie (})a6pHKH h Tpn xBOCTOxpaHHJiHma ruiomaflbio 
80,8 ra, trq HaKoruieHO 41,5 mjih t otxoaob ropHopyflHoro npoH3BOflCTBa. ToHKOflHcnepc- 
Haa Macca xboctob coctoht (%) H3: >KiuibHoro KBapua - 37,5, TypMajiHHa - 12,1, poroBHKO- 
BO-ocaflOHHbix nopofl - 45 h cynbcbH^OB (nnpHT, imppoTHH, apceHonnpHT, xajibKonnpHT, 
raneHHT h c(})ajiepHT) - 3,8. Ohh co^epacaT cjieflyiomHe nojie3Hbie KOMnoHeHTbi (r/T): 
Sn - 0,2, Cu - 0,46, Zn - 0,094, Pb - 0,123, Ag - 1,227, Bi - 0,03, As - 0,629. 

OTpHu,aTejibHoe B03AencTBne ropHonpoMbinuieHHbix chctcm Ha 3KOC(bepy b nejiOM h 
rHflpoc(J)epy b nacTHOCTn noKa3aHO bo MHorax jiHTepaTypHbix ncTOHHHicax [1 — 3 h #p.]. 

Ochobhoh nenbio flaHHOH paSoTbi aBJiaeTca oneHica B03AencTBH>i rHnepreHHbix h 
TexHoreHHbix nponeccoB, npoTeKaiomnx Ha Tpex xBOCTOxpaHHJinmax panoHa b mnpoKOM 
HHTepBane TeMnepaTyp, Ha rnflpoc(j)epy panoHa. IIo KJinMaTHnecKon xapaierepHCTHKe [4] 
TeMnepaTypa b paiiOHe nBMeiraeTca ot -40 p,o +40 °C, ho npn okhcjichkh cynbcbnAOB OHa 
noBbiniaeTca, nosTOMy BepxHnn npeflen 6bui b3»t Ha rorrb rpa^ycoB Bbinie. Hcxo^a H3 nejrn, 
ccbopMynnpoBaHbi cjieflyiomne 3aflann: 1. IIpocjieflHTb nponecc OKncjieHna cynbcbn^OB Ha 
Tpex xBOCTOxpaHHJiHmax paiiOHa b HHTepBane TeMnepaTyp ot -10 ro +45 °C. 2. YcTaHOBHTb 
TexHoreHHbie MHHepajiw, KpncTajrnnByiomHecji H3 pacTBopoB flpeHa>KHbix h HinaMOBbix boa. 
3. OnpeflenHTb KanecTBeHHbin h KOJinnecTBeHHbin hohhmh cocTaB 3thx bop,. 4. OneHHTb hx 
B03fleHCTBHe Ha rn/rpoc(j)epy panoHa. 5. IIpoBecTH BepncbnKannio nojiyneHHbix flaHHbix. 

MeTOAbi HCCJieAoeaHHH. MoflennpoBaHHe TexHoreHHbix nponeccoB, npoTeicaiomHx 
b XBOCTax, npoBOflHJiocb c noMombio nporpaMMHoro npoAyiera «CejieKTop-Windows». B 
npeflbiflymen paSoTe MOflejinpoBaHne npoBOflHJiocb npn TeivmepaType +25 °C [5]. B ^amion 
paSoTe paccMaTpHBaiOTca chctcmw c ^aBJieHneM 1 aTM h c TeivtnepaTypHbiM HHrepBanoM ot 
-10 flo +45 °C. OTHonieHHe BO#a - nopo^a npHHHMajiocb 10:1. Ilpn MOflejrnpoBaHHH ynn- 
TbiBanocb roflOBoe KOJinnecTBO oca^KOB, cocTaBJiaioinee 400 - 500 Kr boam Ha 1 m 2 h bw- 
SpaHHbiH HHTepBan TeMnepaTyp. Hcnojib30Banca cjieAyiomnn cocTaB aomcacboh boam [6]: 
N 3 - N 2 " NH 4 + , NH4N3 0 , HNO2 0 , NH4NO3 0 , NH4OH 0 , NH4NO2 0 , NH 3 °, H2CO3 0 , HCO3- 
CO3 2 -, C2O4 2 -, CH 4 °, 0 2 °, H 2 °, N 2 °, Ar°, He 0 , Kr°, Ne°, OH", H + , H 2 0, NOs" HNO3 
(pH=5,66). Moflenn Sbuin OTKpbiTbi k aTMOC(|)epe. XnMHnecKHH cocTaB aTMOC(|)epbi paccnn- 
TaH no P. XopHy [7]. CocTaB 10 Kr aTMOC(J)epbi b mojuix BKjnonaeT: Ar - 3,209, C - 0,1036, 
N - 539,478, O - 144,8472. B pacneTax ynnTbiBajincb 19 He3aBHCHMbix KOMnoHenroB (Al, 
Ar, As, B, C, Ca, Cu, Fe, K, Mg, N, Na, Pb, S, Si, Zn, H, O, e), 452 3aBHCHMbix KOMnoHenra, 
H3 KOTopbix 360 pacTBopeHHbie nacTHn,bi, 18 ra3bi h 74 HanSojiee BepoaTHbie rHnoreHHbie h 
rnnepreHHbie MHHepajibi. 

Pe3yjibTaTbi HCCJieAoeaHHH h hx oScyacAemie. Otxoam ropHopyAHoro nponBBOA- 
CTBa Ha Bcex XBOCTOxpaHHJinmax npeflCTaBJieHbi TOHKOflHcnepcHon Maccon ceporo UBeTa h 
cocToaT H3 nnpHTa, nnppoTHHa, raneHHra, c^ajiepnra, apceHonnpnTa, xajibKonnpnTa, KBap- 
na, TypMajiHHa n Apyrnx MHHepanoB. flua co3AaHHa MOflejien OKncjieHna cynbcbnAOB b koh- 
TaKTe c MHHepanaMH BMeinaioinnx nopoA Hcnojib30Bajica nx p a3 JinnHbin cocTaB, npnBefleH- 
HbiH b Ta6n. 1. fijix Ka>K/ioro H3 XBOCTOxpaHHJinm MOflennpoBajiHCb chctcmm c cooTHome- 
hhsmh BMeinaioinaa nopo^a - cyjib(})Hflbi 95:5, 90:10, 80:20 n 60:40, TaK Kaic b pa3Hbix ero 
nacTax cocTaB otxoaob pa3JinneH. rnnepreHHbie MHHepanbi, BbinaBinne H3 KOHn,eHTpnpo- 
BaHHbix pacTBopoB paccMaTpnBaeMbix MOAenen, npnBefleHbi b TaSn. 2. 

B MOflennpyeMOH cncTeMe xBOCTOxpaHnnnnia m. CojmeHHoe - ojiOBaHHoro Tnna 
opyfleHeHna ITeHTpanbHon oSoraTHTenbHon 4)a6pnKn (IJ,0(I>) pacTBopw 6jih3kh h hmciot pH 
5,98 - 12,29 n Eh 0,58 - 0,843 B. B paccMaTpnBaeMOM HHTepBane TeMnepaTyp b MO^ejiax 
4)opMHpyK>Tca MHHepanbi 30hw rnnepreHe3a n Kopbi BbiBeTpnBaHna H3 KJiacca okchaob h 



72 



rHflpoKCHflOB, cynbcpaTOB, KapSoHaTOB, apceHaTOB h CHJiHKaTOB. 3to MHHepajibi cjieflyiomnx 
KaTHOHOB (r): Fe (reTHT h CKopoflHi) 2,15 - 27,15 h 0,03 - 1,19 (icpoMe cooTHonieHHa 95:5), 
Cu h Al (ByflBapflHT) 0,02 - 2,56, Pb h Cu (#kx})tht) 0,19 - 2,43 (KpoMe cooTHOineHHa 
95:5), Al (KaojiHHHT, anyHoreH h poctht), cooTBeTCTBeHHO, 1,41 - 61,61, 2,29 - 55,88 h 0,49 
- 7,02 (KpoMe cooTHOineHHa 95:5), Mg (Marae3HT h CTapKeHT) 0,26 - 6,6 h 0,4 - 0,5 (no- 
CJieflHHH TOJibKO npn cooTHOineHHH 60:40), Ca (rnnc h KajibHHT) 0,33 - 3,55 h 0,20 -1,35 
(95:5), Kh Al (raflpoMycKOBHi h MycKOBirr) 0,3 - 3,74 h 1,82 - 12,62, Mg, Al h Fe (moht- 
mophjijiohht) 14,91 - 15,56 (TOJibKO npn cooTHOineHHax 95:5 h 90:10). 

B MOAenHpyeMOH CHcreMe xBOCTOxpaHMJinma m. CojiHeiHoe - MeflHO-OJiOBamioro 
THna CojiHenHOH oSoraTHiejibHoii (baSpHKH (CO®) pacTBopw 6jih3kh h hmciot pH 6,02 - 
12,12 h Eh 0,59 - 0,83 B. B paccMaTpHBaeMbix CHCTCMax KpHCTajniHByiOTca Te 5Ke rnnep- 
reHHbie MHHepajibi, hto h b npeflbiflymnx, ho ohh OTJinnaiOTca KOJiHHecTBeHHOH xapaierepH- 
cthkoh. HacTb H3 hhx Bbina^aeT npn Bcex cooTHOineHHax (r): reTHT 2,15 - 27,55, ByppappjiT 
0,15 - 3,76, KaojiHHHT 1,25 - 60,74, MarHe3HT 0,32 - 6,33, ranc 0,41 - 5,53, rHflpoMycico- 
bht 0,13 - 3,7, MycKOBHT 0,81 - 3,07. ^.pyrne - npn Bcex cooTHOineHHax, KpoMe 95:5 (r): 
CKopoflHT 0,07 - 1,34 h poctht 0,33 - 6,87. OcTanbHbie MHHepanbi Bbina^aiOT TOJibKO npn 
onpefleneHHOM cooTHOineHHH (r): KanbiniT 0,16 - 1,86 (95:5), fliocbTHT 0,13 - 0,68 (80:20 h 
60:40), anyHoreH 14,53 - 54,9 (80:20 h 60:40), CTapKenT 0,27 - 0,48 (60:40) h mohtmo- 
pHjuioHHT 13,63 (90:10). 

TaSjiniia 1 

CocTaB rHnoreHHbix MimepajioB MoaeJinpyeivibix chctcm OKncieHUH xboctob b kohtjuctc 

c BMemaromeft nopoaoft (%) 



MHHepaji 


XBOCTOXpaHHJIHme 


COO 


IJOcD 


3-e 


Cyjib(J)HAbi 


IlHpHT FeS2 


18 


25 


31 


IlHppOTHH Fei-xSn 


27,5 


25 


23,5 


ApceHonnpHT FeAsS 


25 


22 


11 


XanbKonnpHT CuFeS2 


25 


16 


9,5 


TaneHHT PbS 


1,5 


5 


13 


C(j)anepHT ZnS 


3 


7 


12 


B\ieiiuiK)inan nopoaa 


Tpoccyjiap Ca 3 Al2[Si 3 0i2] 


6,2 


5 


5,7 


Aib6HT Na[AlSi 3 0 8 ] 


5 


6,2 


5,5 


KjIHHOXJIOp Si3Al2Mg5HsOl8 


10 


10 


10 


MycKOBHT KAl 2 [AlSi 3 Oio](OH)2 


4,4 


4,4 


4,4 


Bhotht NaFe 3 [AlSi 3 Oio](OH) 2 


4,4 


4,4 


4,4 


FypMajiHH NaFe 3 Al 6 [B0 3 ] 3 [Si 6 Oi8](OH)4 


70 


70 


70 



B MOflejinpyeMOH CHCTeMe 3-ro XBOCTOxpaHHJiHma, r^e CKJia^HpoBajiHCb otxoam ne- 
pepaSoTKH pyfl ojiOBonojiHMeTajiJiHHecKoro rana m. IlepeBajibHoe, napaMeTpbi pacTBopoB 
6jih3kh h HMeiOT BenHHHHbi pH 6,09 - 12,06 h Eh 0,60 - 0,83 B. B hhx npn Bcex cooTHOine- 
ffliax Bbina^aiOT MHHepajibi (r): reTHT 85,76 - 90,07, KaojiHHHT 2,76 - 61,57, Marae3HT 0,32 
- 6,1, rnnc 0,38 - 2,72, rnflpoMycKOBHT 0,3 - 3,74, MycKOBHT 0,9 - 3,12. HeKOTopwe MHHe- 
panbi (J)opMHpyK)Tca npn Bcex cooTHOineHHax, KpoMe 95:5 (r): CKopo^HT 0,37 - 5,33, Byzj- 
BapflHT 0,1 - 1,96, flKXpTHT 0,37-5,33, anyHoreH 0,44 - 55,58, poctht 0,4 - 7,21. flpyrae 
MHHepajibi KpHCTajuiH3yiOTca npn onpeflejiemibix cooTHOineHHax: CTapKenr 0,31 (60:40), 
Kajibn,HT 0,13 - 1,63 (95:5) h mohtmophjijiohht 14,25 (90:10). 
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Ta6jiHu,a 2 

CoaepjKamie rnnepreHHbix MimepaiOB b MoaejiHpyeMbix CHCTeiviax okhcjichhh xboctob 

b KOHTaKTe c BMemaromeft nopoaofi (r) 



IVlHrlCpaJl 


Xbo CToxp aHHnnme 


1100 


COO 


3-e 


Ilea H 2 0 


85,32-89,99 


85,18-89,91 


85,76-90,07 


TeTHT FeOOH 


2,15-27,15 


2,15-27,55 


2,12-26,34 


MarHe3HT MgC03 


0,26-6,6 


0,32-6,33 


0,32-6,1 


KanbUHT CaC03 


0,20-1,35 


0,16-1,86 


0,13-1,63 


Thrc CaS0 4 2H 2 0 


0,33-3,55 


0,41-5,53 


0,38-2,72 


CrapKeHT Mg[S0 4 ] 4H 2 0 


0,4-0,5 


0,27-0,48 


0,31 


THflpoMycKOBHT K[Al 3 Si30io](OH) 2 4H 2 0 


0,3-3,74 


0,13-3,7 


0,30-3,74 


MycKOBHT K[Al 3 Si 3 Oio](OH) 2 


1,82-12,62 


0,81-3,07 


0,9-3,12 


KBapu Si0 2 


0,45-12,62 


0,08-12,43 


0,09-12,01 


KaoJiHHHT Al 2 [Si0 3 ] 2 (OH) 4 


1,41-61,61 


1,25-60,74 


2,76-61,57 


ByflBapflHT Cu 4 Al 2 [S0 4 ](OH)i 2 H 2 0 


0,02-2,56 


0,15-3,76 


0,1-1,96 


Poctht Al[S0 4 ](OH) 5H 2 0 


0,49-7,02 


0,33-6,87 


0,4-7,21 


AnyHoreH A1 2 [S0 4 ] 3 18H 2 0 


2,29-55,88 


14,53-54,9 


0,44-55,58 


Ak)c1)tht PbCu[As0 4 ](OH) 


0,19-2,43 


0,13-0,68 


0,37-5,33 


Ckopoott Fe[As0 4 ] 2H 2 0 


0,03-1,19 


0,07-1,34 


0,04-0,59 j 


MoHTMopHUJioHHT m{Mg 3 [Si 4 Oio](OH) 2 } • 
p{Al, Fe 3+ ) 2 [Si 4 O 10 ](OH) 2 } nU 2 0 


14,91-15,56 


13,63 


14,25 



CueflyeT OTMeTHTb, hto kojimhcctbo KpHCTajuiH3yiomHxca MHHepajiOB bo Bcex ch- 
CTeMax npn TeMnepaType HH>Ke 0 °C HH3Koe, a MHHepajiH3au,HH 3thx pacTBopoB oneHb bw- 
coKaa. TaK, b MOflejiax xBOCTOxpaHHJiHma U,0O cma cocTaBJiaeT 144 - 284, COO 142 -280, 
a Ha TpeTbeM 146 - 287 r/ji. C yBejinneHHeM TeMnepaTypw ot 0 p,o +20 °C MHHepanroanHa 
pacTBopa B03pacTaeT (r/ji): Ha XBOCTOxpaHHJiHme U.OO ot 21,08 p,o 22,21, a 3aTeM yMeHb- 
iuaeTca 30 20,55, COO - 20,37-21,63 - 30 20,37, Ha TpeTbeM - 21,48-22,24 - «o 21,89. 

ripn TeMnepaType HH>Ke 0 °C b MOflenax npHcyrcTByeT BO#a b TBep^OM BH^e (nefl), 
C0Aep>KaHHe KOTopoM H3MeH»eTca ot 85,18 flo 90,07 r, npnneM c yBejinneHHeM cynb(})HflOB h 
yMeHbiueHHeM BMemaiomnx nopofl b CHCTeMe ee kojikhcctbo CHH>KaeTca. KpHCTaruiroanHJi 
OflHHx MHHepajiOB (cKopoflHTa, CTapKenra h poctht a) b MOflenax npoHCxoflnr npn OTpHna- 
TenbHOH TeMnepaType b HnrepBajie ot 0 flo -10 °C, a ^pyrnx (Kajibnnr, anyHoreH, ByflBap- 

flHT, flK)(|)THT, MOHTMOpHJIJIOHHT) - npH nOJIO>KHTeJIbHOH - OT 0 flO +45 °C. OCTajIbHbie MH- 

Hepanbi (reTHT, KaonnHHT, rnnc, Mame3HT) Bwna^aiOT bo bccm HHTepBane ot -10 flo +45 °C, 
ho hx KOJinnecTBO npn OTpHu,aTejibHbix 3HaneHHax TeMnepaTypw 3HanHTejibHO HH>Ke, neM 
npn nojio>KHTejibHbix. CneflOBaTejibHO, KpncTajiJiroanna npn hh3khx TeMnepaTypax 3snpyp,- 
HQua. J\im BbinafleHna b cncTeMe MOHTMopnjiJiOHHTa HeoSxoflHMw Bwcoicaa TeMnepaTypa ot 
+40 flo +45 °C n Sojibinoe coflep>KaHHe KpeMHna ot 90 flo 95 %. ^io^tht, HaoSopoT, xapaic- 
TepeH flua chctcm c SojibinnM coflep>KaHHeM cynb(})HflOB (ot 10 ao 40 %), npnneM, neM nx 
Sojibme, TeM paHbme MHHepan Bwna^aeT, t. e. npn Sojiee hhbkoh TeMnepaType. HanpnMep, 
b MOflenax 3-ro xBOCTOxpaHHJinma, r^e b cncTeMe Sojibiue raneHHra, TeMnepaTypHwM hh- 
TepBan cymecTBOBaHna 3Toro MHHepana ot +20 ro +45 °C, a Ha HiJiaMOxpaHHUHme COO oh 
noaBJiaeTca TOJibKO npn +30 °C. MycKOBHT othochtcji k rHnoreHHbiM MHHepanaM, a nony- 
neHHbie npn MOflejinpoBaHHH pe3yjibTaTbi CBH^eTejibCTByiOT o tom, hto oh MO>KeT HMeTb h 
rnnepreHHoe nponcxo>KfleHHe, TaK KaK BbinaBiunH bo Bcex MOflenax rH^poMycKOBHT npn 
TeMnepaType +25 °C TepaeT BOfly h nepexoflnr b MycKOBHT, o neM CBH^eTejibCTByiOT h pe- 
3yjibTaTbi MOflennpoBaHHa, nojiyneHHwe HaMH npn MOflejinpoBaHHH rnnepreHHwx npouec- 
cob b KaBanepoBCKOM panoHe [8]. 

KpHCTajiJiH3au,na o#hhx MHHepajiOB b SojibniHHCTBe chctcm c yBejinneHHeM TeMne- 
paTypw B03pacTeT, HanpnMep, rHflpoMycKOBnra, KaonnHHTa, pocTHTa h flio(J)THTa, a flpyrnx b 
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SojibiiiHHCTBe Ba.piia.HTOB yMeHbinaeTca (MarHe3HTa, KBapna, anyHoreHa, CKopoflnra h My- 
CKOBHTa), KOJinnecTBO TpeTbHx flo KaKOH-TO TeMnepaTypbi B03pacTaeT, a 3aTeM yMeHbinaeTca 
(By^BapflHT h rmic). Coflep>KaHHe oahhx MHHepanoB (reraT, KaojiHHHT, anyHoreH) Bbicoicoe 

- /jecjiTKH rpaMM, a ^pyrnx HH3Koe - coTbie aojih (nHpojiK)3HT 0,02 h MHMeTe3HT 0,01). 

Hohhmh cocTaB nojiyneHHbix pacTBopoB npeflCTaBJieH cjieflyioinnMn HOHaMH: 

- aTMOC$ep H bix ra 3 OB: C0 2 °, C0 3 2 ", HC0 3 ", HNO2 0 , HNO3, 0 N 2 °, N0 2 ", NO3", 0 2 °, 
OH", H + ; 

- cyjib^HflHbix 3JieMeHTOB: As 5 + , CuC0 3 2 ", Cu 2+ , CuC0 3 °, CuO°, CuOH + , CuS0 4 °, 
H 2 As0 4 -, H 3 AsO 4 0 , HAs0 4 2 ", HCu0 2 ", HFe0 2 °, FeO + , Fe0 2 ", FeOH 2+ , HPb0 2 ", HS0 4 ", 
HZn0 2 ", Pb(C0 3 ) 2 2 ", Pb(S0 4 ) 2 2 ", Pb 2+ , PbHC0 3 + , PbN0 3 + , PbO°, PbOH + , PbS0 4 °, Zn(C0 3 ) 2 2 ", 
Zn(S0 4 ) 2 2 ", Zn 2+ , ZnCO 3 0 , ZnHC0 3 + , ZnO°, ZnOH + , ZnSO 4 0 , S0 4 2 "; 

- BMemaiomnx nopcw Al(OH) 2+ , Al 3+ , A10 + , AIO2", As0 4 3 ", B(OH) 3 °, B0 2 ", 
Ca(HC0 3 ) + , CaHSi0 3 + , Ca 2 ", CaCO 3 0 , CaCl + , CaOH + , CaS0 4 °, H 2 P 2 0 7 2 -, H 2 P0 4 ", H 3 P0 4 °, 
HA10 2 °, HP 2 0 7 3 ", HP0 4 2 ", HSi0 3 ", K + , KHSO4 0 , KOH°, MgCO 3 0 , Mg(HC0 3 ) + , MgHSi0 3 + , 
Mg 2+ , MgCl + , Mn 2+ , MnOH + , MnSO 4 0 , Na + , NaAs0 4 2 ", NaCl 0 , NaHSi0 3 °, NaOH 0 , NaSCV, 
p 2 o 7 4 -, P0 4 3 ", Si0 2 °. 

HanSojibinee KOJinnecTBO py#Hbix sjieMenroB (Cu, Pb, Zn, S) b pacTBopax OTMenaeT- 
ca npn OTpHu,aTejibHOH TeMnepaType. B flnana30He nojioacHTejibHbix TeMnepaTyp hohhwh 
cocTaB CTaHOBHTca Sojiee pa3HOo6pa3HbiM, a coflep>KaHHe BbnnenpnBefleHHbix 3JieMenroB b 
BOflHbix pacTBopax nocTeneHHO CHH>KaeTca Ha nopaflOK hjih p,bsl. 

MoflenHpyeMbie pacTBopw ^peHa>KHbix boa Ha Bcex xBOCTOxpaHHJiHmax xapaierepH- 
3yiOTca BbicoKoM KOHnenrpanneH (mt/ji): cepbi 1330 - 9600, CBHHna 66 - 66800, nnHica 731 

- 53600, MbiHibaica 244 - 46600 h Me^n 33 - 53900. B hhx coflep>KaTca hohm Kajibnna, Ka- 
jina, HaTpna, >Kejie3a, MapraHna, KpeMHna, ajnoMHHna, 6opa h ^pyrnx 3JieMenroB. 

OSmaa MHHepajiH3au,Ha pacTBopoB Ha xBOCTOxpamiJiniuax (r/n): IJ,OcD 20 - 397, 
COcD 21 - 462, 3-m 20 - 428. Ecjih oneHHTb Bjuumne Kaayioro OT^ejibHO B3>rroro xbocto- 
xpaHHJiHHja, to MaKCHMajibHMH ymepS rnflpoc<|)epe HaHOCHT injiaMOxpaHHJiniue COO, a mh- 

HHMajIbHblH - U,0CD. CyMMapHblH BblHOC 3JieMeHTOB CO BCeX XBOCTOXpaHHJIHm H3MeHaeTca 

ot 61 flo 1287 r/ji. 

Bepnc^nKanna, npoBefleHHaa HOHHbiM h MHHepanbHbiM cocTaBOM [1], a Taioice cpaB- 
HeHHeM coflepacaHHa ajieMenroB b MOflennpyeMbix pacTBopax c rnflpoxHMHHecKHMH flaHHbi- 
mh no niJiaMOBbiM h flpeHa>KHbiM BOflaM [2 - 3], noflTBepfliuia npaBHJibHOCTb nojiyneHHbix 
pe3yjibTaTOB. 

3aKjiJoneHue 

FIpoBefleHHoe aBTopaivm (J)H3HKO-xnMHHecKoe MOflejinpoBaHne ocHOBHbix 3TanoB cy- 
mecTBOBaHHa ocyineHHbix XBOCTOXpaHHJIHm KoMCOMOJibCKoro OJiOBopyflHoro panoHa b hh- 
TepBane TeMnepaTyp ot -10 flo +45 °C flaeT nojmyio KapraHy (J)opMHpoBaHHJi flpeHa>KHbix 
BOfl, KOTopwe HHHeM He OHHinaeMbie KpyrjiocyroHHO fleormjieTHJiMH nona^aiOT b noBepx- 
HOCTHbie BOflbi (peKn CnjiHHKa n XonflaMH, npnneM H3 nepBon npon3BOflHTca BOfl03a6op 
nnTbeBbix BOfl fljia noc. TopHbin) n 3arpa3HaiOT nx. rnflpoc<|)epa no^BepraeTca cnjibHenmen 
TexHoreHHon Harpy3Ke KaK ajieMenraMn cynb(|)HflOB S, Zn, Cu, Pb, Fe, Taic n BMeiuaioiunx 
nopofl B, Mg, K, Na, Ca, Si n Al. 

riojiyneHHbie pe3yjibTaTbi no3BOJi>noT noKa3aTb nponecc OKncjieHna cynb(})HflOB, 
onpeflenHTb ycnoBna o6pa30BaHna rnnepreHHbix MHHepajiOB, oneHHTb BepoaTHyio nnreH- 

CHBHOCTb BblHOCa TOKCHHHblX 3JieMeHTOB H flaTb KOJIHHeCTBeHHyK) OUeHKy HX B03fleHCTBH3 

Ha raflpoc(})epy. C?H3HKO-xHMHHecKHe MOflenn OKHCJieHHa cynb(})HflOB noica3ajiH, hto H3 bm- 
coKOKOHu,eHTpHpoBaHHbix pacTBopoB KpHCTajuiH3yiOTca rHnepreHHbie MHHepajibi Fe, Cu, Pb, 
Al, Mg, K h Ca H3 KJiacca cynb(j)aTOB, KapSoHaTOB, cnnnKaTOB, apceHaTOB, okch^ob h ra#- 
poKCHflOB. 06pa3yioniHeca b paBHOBecHH c hhmh nopoBbie pacTBopw, coflep>KainHe mnpo- 
khh cneKTp hohob T»>Kejibix MeTanjiOB n BMeniaioninx nopofl, npeflonpeflenaiOT cocTaB #pe- 
Ha>KHbix BOfl. MnHepajiH3aii,Ha sthx pacTBopoB flocTnraeT 462 r/ji. KoHu,eHTpaii,Ha ochobhmx 
3JieMeHTOB cyjib(})HflOB n BMeniaioninx nopofl, SojibninHCTBO H3 KOTopwx TOKcnnHbi, npeBbi- 
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niaeT (|)OHOBbie 3HaneHHa h HJJK (pbi6oxo3aHCTBeHHbie) b flecaTKH, cothh h #a>Ke tmcjihh 
pa3. MoflejinpoBaHHe no3BOJiaeT oueHHTb cocTO»HHe ropHonpoMbinuieHHOH TexHoreHHoM 
CHCTeMbi b npocTpaHCTBe h BpeMeHH, nonyHHTb HOBbie ^aHHbie napaMeTpoB coBpeMeHHoro 
TexHoreHHoro MHHepanoo6pa30BaHHa h noKa3aTb Eh - pH yanoBHa hx cymecTBOBaHHa. 
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Annomauun: 

B pa6ome paccMompen onum ucnonb3oeaHUR no- 
jiuzonoe meepdbix 6bimoeux omxodoe (TEO) kcik 
ucmouHUKa ebicoK03nepzemmecKozo zasa, ko- 
mopbiu MOMcem naumu npuMenenue e pasjimnux 
ompacjiKX iipoMbiuuieHHOcmu. 
MemaH, ebideJineMbiu MycopnuMU ceamaMU, mo- 
OKem 6bimb 3(p(peKmueno ucnonb3oean e npou3- 
eodcmee aemoMo6ujibnozo moruiuea, sneKmpo- 
3Hepzuu u menjia e 3aeucuMocmu om pacnoiiootce- 
huh noiiuzoHoe omnocumenbHO xo3HiicmeeHHOu 
UHCppacmpyKinypbi. Ymunmauun Memana no3eo- 
jium pewumb npodneMy noeuuienun SKOJiozune- 
ckou 6e3onacHocmu nonuzoHoe TEO dun oKpyjKa- 
K>ufeu cpedbi. 

Anaiim, pa3pa6oniKa u o6ocnoeanue mexnonozu- 
necKux peuienuii eo3MO0KHbi Jiuuib c ynemoM 
onpedeneHUH o6w,ezo o6heMa Memana, eudenne- 

MOZO MyCOpHblMU CedJlKClMU, u mexnuKo- 

3KOHOMmecKOzo oGocnoeanun ezo ce6ecmouMO- 
cmu, no380Jintoufezo danee npunuMamb npoeKmu 
no nenocpedcmeeHHOMy ucnoJib3oeanuK> ceanon- 
hozo za3a. 

TlpaKmmecKue npednooKemiH no euOopy u o6oc- 
HoeaHwo nanpaenenuu ucnoJib3oeamiH Memana, 
eudeimeMozo MycopnuMU ceannaMU, u mexnono- 
zmecKue cxeMU ymunmauuu Mozym 6umb uc- 
nonb3oeaHbi u dadym docmamonnbiu couuajibHO- 
3KonoMuuecKuu 3(pcpeKm e ycjioeunx ffnenponem- 
poecKozo pezuona. 

Kimueebie cjioea: MemaH, ceanounbiu za3, pezene- 
pauuH, ymujiu3aifUH, nonuzonbi meepdbix 6bimoebix 
omxodoe, sKonozunecKan 6e3onacnocmb 
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REGENERATION OF METHANE 
EMITTED FROM LANDFILLS, AND 
THE POSSIBILITY OF IT 
UTILIZATION IN THE 
DNEPROPETROVSK REGION 

Abstract: 

This paper describes the experience of solid waste 
use (MSW) as a source of high-energy gas, which 
may find application in various branches of indus- 
try. 

Landfill gas can be efficiently used in the manufac- 
ture of automotive fuel, electricity and heat, de- 
pending on the location of landfills with respect to 
the economic infrastructure. Methane utilization 
will solve the problem of improving the ecological 
safety of landfills for the environment. 
Analysis, development and grounding technologi- 
cal solutions are possible considering the total 
amount of methane determination emitted from 
landfills, and the feasibility of its production costs, 
that allows further project development on direct 
use of landfill gas. 

Practical suggestions on selection and grounding 
the directions of application the methane, emitted 
from landfills, and technological schemes of utili- 
zation can be used and will provide social and eco- 
nomic effect in the conditions of Dnepropetrovsk 
region. 



Key words: methane, landfill gas, regeneration, 
utilization, solid waste landfills, environmental 
safety. 
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MeTaH aBJiaeTca ochobhwm KOMnoHeHTOM ra3a, BbiflejiaeMoro MycopHbiMH CBajiKaMH 
(cBanoHHoro ra3a). BbiSpocw MeTaHa b aTMOC(|)epy ^ejiaiOT ero ochobhbim bhhobhhkom bo3- 
HHKHOBeHHa «napHHKOBoro 3(})4)eKTa». B pe3yjitTaTe coKpameHHa BbiSpocoB MeTaHa, npn 
yjiaBJiHBaHHH CBajiOHHoro ra3a h ero npHMeHemm b icanecTBe 3HeproHOCHTejia mo>kho ro- 
SnTbca npoH3BOflCTBa 3HaHHTejibHoro KOJiHnecTBa 3HepraH, a TaioKe nojiOMarrejibHbix sko- 
HOMHnecKHx h SKOJioranecKHx pe3yjibTaTOB. OcymecTBJieHHe npoeKTOB no pereHepauHH 
3HeprHH CBanoHHoro ra3a cnocoScTByeT coKpameHHio napHHKOBbix ra30B h 3arpa3H5nomHx 
B03flyx BemecTB, hto nojio>KHTejibHO CKa3biBaeTca Ha coctojihhh OKpy>KaiomeH cpe#bi h 
CHHMcaeT noTeHu,HajibHbiH pncK fljia 3flopoBba nejiOBeica. KpoMe Toro, npoeKTbi no CBajion- 

HOMy ra3y CHH>KaiOT 3aBHCHMOCTb OT OTfleJIbHblX 3HeprOHOCHTeJieH, CnOCoScTByiOT 3KOHO- 

mhh, co3flaiOT paSonne MecTa h noMoraiOT pa3BHTnio skohomhkh Ha MecTax. B Me>KflyHa- 
poflHOM MacniTaSe cymecTByKxr 3HanHTejibHbie bo3mo>khocth fljia pacmnpeHna npnivieHeHHa 
3Heprnn CBanoHHoro ra3a [1]. 

E>KeflHeBHO b YKpamie twcshh tohh ropo^CKHx TBepflbix otxoaob nocTynaioT Ha 
MycopHbie CBajiKn. B pe3yjibTaTe ecTecTBeHHoro npouecca pa3Jio>KeHHa opraHHnecKHx Be- 
mecTB, TaKHx KaK npoflyKTbi nnTaHna n 6yMara, 3axopoHeHHbix Ha sthx CBajiKax, Bbi^ejiaeT- 
ca CBajiOHHbin ra3, aBJijnomHHca noSoHHbiM npoflyieroM pa3Jio>KeHHa. 3tot ra3 coctoht 
npHMepHO Ha 50 % H3 MeTaHa (CH4), KOTopwii aBJiaeTca ocHOBHbiM KOMnoHeHTOM npnpofl- 
Horo rasa, h Ha 50 - H3 ^ByoKHCH yrjiepo^a (yrjieKHCJioro rasa) (CO2) h HeSojibiunx npn- 
Mecen opraHnnecKHx BemecTB, He BxoflamHx b rpynny MeTaHa [2]. 

Bo BceM MHpe MycopHbie CBanKH aBJiaiOTca TpeTbHM no BejiHHHHe aHTponoreHHbiM 
hctohhhkom BbiSpocoB h cocTaBJiaiOT npHMepHO 12 % rjioSanbHbix BblSpOCOB [2]. 

06nieH3BecTHO, hto b TeneHne nocjieflHHx flByx fleorriuieTHH HaceneHHe YKpamibi 
yMeHbniHJiocb noHTH Ha 5 mjih nejiOBeK (hjih 10 %) ot hhcjichhocth b 51 mjih nejiOBeK b 
1991 r. ^0 45,5 mjih b 2013 r., oflHaico kojihhcctbo SbiTOBoro Mycopa He TOJibKO He yMeHb- 
maeTca, ho, HaoSopoT, npoflOJi>KaeT HaKanjiHBaTbca h yBenHHHBaTbca. HanpnMep, 3a no- 
cneflHHe flecaTb neT oSbeM SbiTOBbix otxoaob - npoflyieroB >KH3HeflejrrejibHOCTH Kaayioro 
>KHTena b YKpanHe yBejinnnjica Ha 40 %. ^enapTaMenr aKOJiornnecKon 6e3onacHOCTn Mh- 
HHCTepcTBa oxpaHbi oicpjoicaiomeH cpe^bi oueHHBaeT KOHijeHTpauHK) b YKpanHe Bcex bh^ob 

OTXOflOB B oSbeMe OKOJIO 35 MJipfl T, H3 HHX 2,6 BblCOKOTOKCHHHbl [3]. 

Ilo flaHHbiM 3KOJioroB, Ka>KflbiH yKpanHeii, eaceroflHO C03#aeT okojio 220 - 250 kt 
TBepflbix SbiTOBbix OTxoflOB, a >KHTenH SojibiuHx ropoflOB 330 - 380 kt, h 3th oSbeMbi no- 
ctoshho pacTyT. Bonee 90 % TBep^wx SbiTOBbix otxoaob (TBO) b YKpanHe BbiB03nrca Ha 
CBajiKH h nojinroHbi. 3axopoHeHHe otxoaob Ha CBajiKax TpeSyeT OTHyacfleHHa Sojibhihx Tep- 
pHTopHH h hx floporocToamero oSycTpoMcTBa. KaK cooSmaeT HauHOHajibHbiH 3KOJiorHHe- 
ckhh Hemp YKpanHbi, Ha nojinroHax h CBajiKax HaKomuiocb Sonbiue MHUJinapfla KySoMeT- 

pOB OTXOflOB >KH3HefleaTeJIbHOCTH HeJIOBeKa, H3 KOTOpblX, COrJiaCHO 0(J)HIl,HajIbHbIM flaHHbIM 

TocKOMCTaTa YKpanHbi, noBTopHyio nepepaSoTKy npoxo^HT 3,5 %. Bee 3th otxoam 3aHH- 
MaiOT 6onee 7 000 ra 3eMHH, sto (})HJibTpaT, 3arpa3HHiomHH rpynr, OTpaBJiaiomHH rpyHTOBbie 

BOflbl, npHHOCamHH HeBOCnOJIHHMblH Bpefl 3flOpOBbK) JHOfleH. KpOMe TOrO, 3TO CBajIOHHblH 

ra3, o6pa3yiomHHca npn 3axopoHeHHH opraHHnecKHx BemecTB, MaKpoKOMnoHeHTaMH koto- 
poro aBJiaeTca MeTaH (CH4) h flHOKCHfl yrjiepo/ia (CO2) . Ha pnc. 1 npeflCTaBJieHO opneHTH- 
poBOHHoe pacnpefleneHHe oSbeMOB BbiSpocoB CH4 c MycopHbix CBanoK b npoMbiniJieHHbix 
oSnacTflx YKpanHbi. 

PereHepauHH MeTaHa, BbiAejiHeMoro MycopHbiMH ceajiKaMH, h B03MoacHocTH 
npuMCHCHUH b ,ZI,HenponeTpoBCKOM pernoHe. ^HenponeTpoBCKHH pernoH 6bin npoB03- 
rjiaiueH 30hoh Hpe3BbiHaHHoro SKOJiorHnecKoro Se^CTBHa eme b 2007 r. Ho CHTyaii,Ha He 
TOJibKO He yjiyniHHJiacb, ho npoflOJi>KaeT yxyfliuaTbca. B ropo^e e>KeroflHO o6pa3yeTca 300 - 
350 Tbic. t TBO h p,o 400 twc. t CTpoHTejibHoro Mycopa (pnc. 2). fljia 3axopoHeHHH Hcnojib- 
3yiOTca flBa nojinroHa: HeSojibiuyio nacTb BbiB03aT Ha nojinroH nop, r. Hobomockobckom, 140 
-150 Tbic. t HanpaBJiaKxrca Ha 3aBOfl no OKHramno SbiTOBbix h CTponTejibHbix otxoaob, a 
Bee ocTanbHbie otxoam, to ecTb nojiOBHHa Bcero oSbeMa, ocTaiOTca Ha HecamcHHOHHpoBaH- 
hmx CBajiKax b npe^ejiax ropo^a [3]. 
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3SO Tbic. T/ron 




Phc. 1 - 06iiihh o6beM Bbi6pocoB MeTaHa (tbic. t/tor) c MycopHBix cBanoK 
b npoMBiuuieHHBix o6jiacTax YicpaHHBi 3a 2012 r. 



>KnnoM ceKTop TBO 

flMu^eBbie 




Phc. 2 - CocraB TBep^bix 6biTOBbix OTXoaoB b /jHenponeTpoBCKOM pernoHe Ha 2010 r. 

IIpoLi,ecc pereHepau,HH MeTaHa mtokho noica3aTb Ha npHMepe MyHHininajibHOH Hr- 
peHbCKOH CBanKH njiomaflbio 14,9 ra, pacnojioacemiOH 3a acnjibiM MaccHBOM HrpeHb no Ch- 
HejibHHKOBCKOMy mocce (pnc. 3). CpeflHee paccroaHHe ot u,eHTpa ropo#a - 22 km. OHa 3kc- 
njiyaTHpoBanacb c 1974 r., b 2007 r. SbiJia 3aKpbrra [4]. 




Phc. 3 - HrpeHBCKaa CBajiKa (cJ)oto aBTopa) 
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C6op CBanoHHoro ra3a H3 MycopHbix CBanoK npoH3BOflHrca npn noMomn pa#a CKBa- 
>khh h BaKyyMHOH CHCTCMM, noflaiomen coSpaHHbiH ra3 b MecTO o6pa6oTKH. OTTy/ia CBa- 
jiohhmh ra3 nocTynaeT ^Jia npHMeHeHHa b pa3JinHHbix nejisx. 

TexHOJiorHHecKaH cxeMa mBJieHeHHH ceajioHHoro ra3a. JJjm 3KCTpaKnnn CBanon- 
Horo ra3a Ha nonnroHax oSbihho ncnojib3yeTca cjieflyioinaji npHHnHnnajibHaa cxeMa: ceTb 
BepTHKanbHbix ra30flpeHaacHbix CKBa>KHH coeflHHaiOT jihhhjimh ra3onpoBO#OB, b KOTopbix 
KOMnpeccopHaa ycTaHOBKa co3#aeT pa3peaceHne, HeoSxoflHMoe fljia TpaHcnop™poBKH CBa- 
jiOHHoro ra3a #o MecTa ncnojib30BaHHJi (pnc. 4). YcTaHOBKH no cSopy n yTHJin3 annn mohth- 
pyiOTca Ha cnennajibHO noflroTOBJieHHon rnioinaflice 3a npe#ejiaMH CBanoHHoro Tena. IIpHH- 
nnnnajibHaa TexHOJiornnecKaa cxeMa cSopa CBanoHHoro ra3a npnBefleHa Ha pnc. 5 [5]. 



CETB CKBA5KHH 



TPYBonpoBo^bi 



EJIOK KOMnPHMHPOBAHim 



BJIOK yTMJlPI3AU,liM 



nOTPEBHTEJTb 



Phc. 4 - BjioK-cxeMa ycTaHOBKH jjiia jjoGwhh h yTHJiH3auHH 6Hora3a 




6 7 



9 10 



1 1 



Phc. 5 - npHHUHnHajibHaa cxeMa noJinroHa 
1 - ra30c6opHHK; 2 - nonHMepHtra Tpy6onpoBOZi hjik OTBO^a 4>HJii>TpaTa; 3 - Kono^eu BepTHKantHoro ra30BO- 
ro ^peHa>Ka; 4 - otxo/ii>i TBO; 5 - ocHOBatme nojmroHa; 6 - apjiH^T; 7 -npoTHBOc^HJibTpaiiHOHHbiH cjioh 
cDPM h BPM; 8 - CHCTeMa ropH30HTajii>Horo ra30Boro 7ipeHa>Ka; 9 -HHHUHHpyiomHe KOMnoHeHTbi 6HOJiorHHe- 
ckoto npoHcxo>KfleHHa; 10 - CHCTeMa BepTHKantHoro ra30Boro zipeHa>Ka; 11 - zipeHa5KHaa KaHaBa 

Bapnaii i bi iipiiMCiiciui}i ceajioHHoro ra3a b flHenponeTpoBCKOM pernoHe: 

- npoH3BOflCTBO 3JieKTpo3Heprnn c Hcnojib30BaHHCM ^BHraTejieH, TypSnH, Mnicpo- 
TypSnH h flpyrax TexHOJiorHH; 

- nepepaSoTKa CBanoHHoro ra3a roroTOBJieHna anbTepHaTHBHoro TonjiHBa ^Jia 
MCCTHbix npoMbinuieHHbix npeflnpnaTHn hjih flpyrnx opraHroannn, Hy^Kflaiomnxca b nocro- 
aHHbix nocTaBKax TonjiHBa. HenocpeflCTBemioe npHMeHeHHe CBanoHHoro ra3a jiBJiaeTca 

HaflOKHbIM H TpeSyeT MHHHMaJIbHOH nepepaSOTKH H He3HaHHTeJIbHbIX MOflH(})HKanHH HM6- 

loineroca o6opyflOBaHHa ^Jia OKnraHna; 

- Hcnojib30BaHHe CBanoHHoro ra3a ^Jia npon3BO#CTBa ra3a ra3onpoBO#Horo KanecTBa 
hjih anbTepHaTHBHoro TpaHcnopTHoro TonjiHBa. 

MeTOAbi H3BJieneHHH CBajiOHHoro ra3a H3 TBO 

CKeajfcumi. Rim ^oGbinn MeTaHa Ha nojinroHax TBO npHMeHaiOTca BepTHKanbHbie 
CKBaacHHbi. OSbiHHO ohh pacnonaraiOTca paBHOMepHO no TeppnropHH CBanoHHoro Tena c 
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uiaroM 50 - 100 m Mes/ty coccahhmh ckb£dkhh<imh. Hx AHaMeTp KOJie6jieTca b HHTepBajie 
200 - 600 mm, a raySHHa onpeflenaeTca MomHOCTbio CBajionHoro Tena h mtokct cocTaBJurib 

HeCKOJIbKO fleCSTKOB MeTpOB. IIpH SypeHHH CKBa)KHH B TOJime OTXOAOB B MeCTHblX yCJIOBHSX 

HanSojiee nejiecoo6pa3HbiM CHHTaeTca Hcnojib30BaHHe HiHeKOBoro 6ypeHH». 

0aKe/ibHoe cotcuzanue. nponecc OKHraHiui b 4>aKejie onpaB^aH c toh tohkh 3peHHa, 
hto norpeniHOCTb pacneTa ra30o6pa30BaHHa cocTaBJiaeT oSwhho He MeHee 30 %. B cjiynae 
OTcyrcTBHa Ha^eacHbix AaHHbix o Mop^oJioranecKOM cocTaBe TBO h peracTpanHH KOJinne- 
CTBa 3aB03HMbix TBO norpeniHOCTb MoaceT yBejiHHHTbca b HecKOJibKO pa3. Ecjih 6Hora3 
nuaHHpyeTca Hcnojib30BaTb b 3HepreTHnecKHx nejiax, TaKaa norpeniHOCTb HeAonycTHMa. 
HanGojiee npocTaa cxeMa 3Toro nponecca Bbirjia^HT oieAyioinHM o6pa30M: 

- ycTaHOBKa no OTKanHBaHHio ra3a MycopHoM CBajiKH, 

- CHCTeMa o6e3BO>KHBaHHa, 

- KOHTponb h ynpaBJiemie nponeccoM, 

- aHanH3 ra3a, 

- OKHraHne nocTymieHHa. 

Ee3Kucnopodnoe 6pojfceHue TEO. Ha nepBOM 3Tane CTpoHTeubCTBa co3flaeTca npn- 
HHMaiomaa eMKOCTb (KOTJiOBaH), paccHHTaHHbrii Ha 10-20 JieT nojib30BaHHa. Ha AHe kotjio- 
BaHa yKJia^biBaeTca cjioh rjiHHbi tojiiuhhoh 1 m (hjih nojiH3THJieHOBaa rnieHKa) pjm npeflOT- 
BpameHHa npoHHKHOBeHiui 3arpa3HeHHbix boa b noHBy. B nponecce CTpoHTejibCTBa Mycop 

BHOCHTC5I B KOTJiOBaH nOpU,HJIMH B CneUHajIbHbie aneHKH, COOTBeTCTByiOinHMH CyTOHHOH 

HopMe ero nocTynjieHHa Ha CBanKy. Kaac^aa Taicaa aneiiKa bmcotoh ot 2 go 4 m H30JiHpyeTC» 
rnHHOH ot npefliuecTByiOHiHx h nocjieAyioiniix. 

nocne 3anonHeHHa KOTJiOBaHa MycopoM ero 3aicpbiBaiOT «KpoBJien» — tjihhoh, mieH- 
koh, 3acbinaiOT 3eMJieM, CBepxy Bbica>KHBaiOT TpaBy. KoTJiOBaH ocHamaeTca HHaceHepHbiMH 
coopyaceHHaMH A-ua OTBO^a >khakhx h ra30o6pa3Hbix npoflyKTOB pa3Ji05KeHHa Mycopa. B Te- 
ne KOTJiOBaHa 3aiaiaflbiBaiOTca CKBaacHHbi, TpySbi, ycTaHaBJiHBaeTca HacocHoe oSopyAOBa- 
HHe. nojiyneHHbiH ra3 nepeflaeTca no TpyGonpoBOflaM Ha ajieKipocTaHUHH, KOTejibHbie, nenn 
oS^KHra, MHKpoTypSnHbi h t. n. 

nepBbie 2-3 Mecana H3 3aKpbiToro KOTJiOBaHa c MycopoM bmxoaht, b ochobhom, 
CO2. 3aTeM HanHHaeTca BbmejieHHe nojmoneHHoro CBajionHoro ra3a, KOTopoe npoAOjracaeT- 
ca j\o 30 - 70 JieT. nocne 25 JieT BbipaGoTKa MeTaHa HannHaeT MeflJiemio coKpamaTbca. no- 
CJie npeKpameHna BbipaSoTKn ra3a TeppHTopna, 3aH»Taa KOTJiOBaHOM, mo^kct SbiTb noBTop- 
ho ncnojib30BaHa ^Jia nepepaSoTKH MyHHnnnajibHoro Mycopa [5]. 

TexHOJiorHH c6opa h oTeoaa CBajionHoro ra3a Ha nojinroHe TeepAwx SbiTOBbix h 
npoMbiuiJieHHbix otxoaob. IJyHKm cdopa ceajionnozo za3a. ra30c6opHbiii nyHKT npeflHa- 
3HaneH ^Jia npmiyAHTejibHoro H3BJieneHHa CBanoHHoro ra3a H3 CBanonHOH tojiiiih. ^Jia 3to- 
ro c noMombio cnenHajibHoro ajieKipoBenrnjiaTopa b chctcmc ra3onpoBOAOB co3AaeTC» He- 
Sojibinoe pa3pe>KeHHe (okojio 100 M6ap). 

CnocoG c6opa h OTBOfla CBajionHoro ra3a MoaceT SbiTb Hcnojib30BaH npn o6e3Bpeacn- 
BaHHH TBepflbix SbiTOBbix h npoMbiuiJieHHbix otxoaob nyieM 3axopoHeHHa hx Ha nojinroHax. 
B cnocoSe cSopa h OTBOAa CBajionHoro ra3a Ha nojinroHe, BKnionaiomeM noAroTOBKy ocho- 
BaHna, MOHTa>K CHCTeMbi BepTHKanbHoro ra30Boro ApenaiKa H3 CKBa>KHH c nepcj)opHpoBaH- 
hmmh CTeHKaMH, nocjiOHHyio yiaiaAKy otxoaob, Monra>K chctcmm ropH30HTajibHoro ra30BO- 
ro ApeHa)Ka Ha noBepxHOCTH Ka>KAoro 3aBepineHHoro cjioa otxoaob b bhac Apen, H30Jinpy- 
iomee noRpbirae noBepxHOCTH cc})opMHpoBaHHoro nojinroHa, CBajionHbifi ra3 otboa^t H3 
CKBaacHH. npn 3tom Ha 4>yHAaMeHTax, pacnpeAeJieHHbix no njiomaAH nojinroHa, oGopyAyiOT 
CKBaacHHbi BepTHKajibHoro ra30Boro ApeHa>Ka Ha onpeAeJieHHyio BbicoTy. 3aTeM npoH3BOAaT 
3acbinKy BHyrpeHHeH nojiocTH h oScbinKy BHeniHeii noBepxHOCTH Ka>KAOH CKBaacHHbi. nocjie 
yiaiaAKH nepBoro cnoa otxoaob (})opMHpyioT Ha ero noBepxHOCTH ropH30HTajibHbie ApeHbi, 
npHMbiKaionine k BHeuiHen ApennpyiomeH oScwnKe CKBaacHH. HapainHBaiOT nep(})opHpo- 
BaHHbie CKBa>KHHbi ao onpeAeJieHHOH BbicoTbi. OScwnaiOT BHeniHioio noBepxHOCTb CKBa>KHH 
Ha BbicoTy cjieAyiomero cjioa otxoaob ApeHnpyioniHM MaTepnajiOM. B nocjieAHeM nmcjie 



81 



HapamHBaHira ckbcDkhhm o6opy#yiOT CTeHKaMH 6e3 nepcbopannn, Bbime noBepxHOCTH 
ccjjopMHpoBaHHoro nojinroHa h 6e3 oScwnKn hx BHemHen noBepxHOCTH jjp eHHp yiomHM Ma- 
TepHanoM [5]. 

ra306ue Kom.RU. Henocpe#CTBeHHoe OKnraHne Snoraaa b KOTJiax ce™ u,eHTpanH30- 
BaHHoro TenjiocHa6>KeHHa, a TaK>Ke npoMbinuieHHbix KOTJiax b pa^nyce 3 km ot nojinroHa, 
KaK npaBHJio, aBJiaeTca HanSonee peHra6ejibHbiM cnocoSoM ero yTHJinsannn. CymecTBeH- 
hmm (baKropoM, BJiHaiomHM Ha 3KOHOMHHecKHe noKasaTejin npoeKTa, aBJiaeTca Hajinnne ot- 
HOCHTejitHO paBHOMepHoro noTpeSjieHHH 6nora3a Ha npoTaaceHnn Bcero ro^a. 

CoBpeMeHHbie SbiTOBbie h npoMbinuieHHbie ra30Bbie kotjim, KaK npaBHJio, He npe#Ha- 
3HaneHbi ^Jia pa6oTbi Ha HH3KOKajiopnHHOM 6nora3e. CnTyanns oanoaaraeTca eme TeM, hto b 
6nora3e b 3HanHTejibHbix KOHnenrpannax MO>KeT coflepacaTbca yrjieKncjibin ra3. Oahhm h3 
cnocoSoB peuieHHa 3toh 3aflann aBJiaeTca npHMeHeHHe cnennanbHO pa3pa6oTaHHbix mejie- 
bmx no^OBbix ropenoK Rim OKnraHHa 6nora3a. IIpH pa3pa6oTKe KOHCTpyKnnn ropenoK 
yHTeHbi cnenJKbnnecKne ocoGchhocth ropeHna 6nora3a (Majiwe npeflejibi ycTonnnBOCTn 
nnaMeHH h t.^.). Ohh Moryr paSoTaTb b hihpokom flnana30He pokhmob SKcrniyaTannn KOTJia 
c pacxoAOM 6nora3a ot 160 #o 318 m 3 /h. TopejiKH H3roTOBJieHbi H3 cnennajibHbix CTajien, 
HMeiOT cbeMHbie conna, KOTopbie He noflBep>KeHbi cepoBOflopoflHofi Koppo3HH, a TaK)Ke 
HMeiOT cneuHajibHbie ycTponcTBa ^Jia CTa6njiH3annH nnaMeHH. C nenbio yMeHbineHna ko- 
acbcbnnneHTa H36biTKa B03flyxa ropejiKH HMeiOT cnennajibHbie nojiocw, HanpaBJDnonxne B03- 
jiyx k KaacflOMy H3 conen, h He ^onycKaiOT Sojibinoro H36biTKa B03#yxa. 

TexHOROzuu nojiyuenuH menjioeou u 3JieKmpmecKou snepzuu c ucnojib3oeaHueM cea- 
rohhozo za.3a. B nponecce aKTHBHon CTa^HH flera3au,HH nojinroHa Bbmejunomnnca H3 cy6- 
CTpaTa CBajiOHHbiH ra3 coSnpaeTca, HanpnMep, b ra3ronbflepe nepe3 CHCTeMy y^ajieHHa koh- 
^eHcaTa boahmx napoB. H3 raBrojib^epa CBanoHHbin ra3 nocTynaeT k noTpeSnTejisM nepe3 
CHCTeMy ohhctkh ot Bpe^Hbix npnMecen: bo^m, cepbi, yrneKHCJioro ra3a. OHnineHHbin ra3 
nocTynaeT HenocpeflCTBemio b kotjim rjir npoH3BOACTBa Temia hjih b KoreHepannoHHbie 
ycTaHOBKH fljia Bbipa6oTKH 3JieKTpo3HeprHH. TaioKe CBanoHHbin ra3 MO>KeT ncnojib30BaTbca 

flJia npOH3BOACTBa XOJIOfla Ha a6cOp6nHOHHbIX HJIH KOMSnHHpOBaHHblX XOJIOflHJIbHblX Ma- 
HIHHaX H T.fl. 

C yqeTOM npoBefleHHbix nccjieflOBaHnn momcho cflenaTb cjieflyiomne BbiBOflbi: nojrn- 
roHbi TBO ,U,HenponeTpoBCKoro pernoHa jiBJiaiOTca ncTOHHHKaMn bwc OK03HeprnHHoro ra3a, 
coflepacamero #o 70 % SnoMeTaHa, KOTopbifi mojkct SbiTb 3(|)(beKTHBHO Hcnojib30BaH b npo- 
H3BOflCTBe aBTOMoSnjibHoro TonjiHBa, 3JieKTpo3HeprHH h Tenna b 3aBHCHMOCTH ot pacnono- 

)KeHH3 nOJIHrOHOB OTHOCHTeJIbHO X03aHCTBeHHOH HH^paCTpyKTypbi; yTHJIH3aU,Ha CBajIOHHO- 

ro 6Hora3a no3BOJiHT 3HaHHrejibHO yjiynmnTb SKOJiornnecKyio cnryannio b oSjiacTH, 
npeAOTBpaTHB Bbi^ejieHHe napHHKOBbix ra30B b oSbeMe 350 tmc. T/rofl CO2- 3KBHBaneHTa, a 

TaK>Ke TOKCHHHblX BemecTB. 
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AuHomauux: 

B daHHOu cmambe paccMompenu npodneMU uc- 
nojib3oeanuH u nepepa6omnu zpanumnbix omceeoe. 
TIpoaHajiu3upoeaHbi xapanmepHbie oco6eHHOcmu 
pbiHKa zpauumuozo omceea. Ha ocnoee npoeeden- 
hozo uccJiedoeamiH aemopoM npednazaemcn ocy- 
mecmejinmb nepepadoniKy zpanumnozo omceea c 
pa3dejienueM na donee MenKue djpaKifuu, ucnoiib- 
3yn dm 3mux ueneu KacxadHo-zpaeumauuoHHbiu 
KJiaccucpuKamop. Onucbieaemcn npunuun deu- 
cmeuH KacKadno-zpaeumaifuoHHozo miaccutpuKa- 
mopa. 
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PROBLEMS OF GRANITE ELIMINA- 
TIONS USE AND PROCESSING 



Abstract: 

The problems of granite eliminations use and pro- 
cessing are considered In the article Characteristic 
features of granite eliminations market are ana- 
lyzed. On the basis of the research conducted by 
the author, it is proposed to carry out processing of 
granite screenings dividing them into smaller frac- 
tions, using for these purposes cascade-gravity 
classifiers. The principle of cascade-gravity classi- 
fier operation is described. 

Key words: rational subsurface use, granite elimi- 
nations, fractionation. 



C pa3BHTHeM pecypcoeMKHx TexHOJioraM Bee Sojibinyro BaacHOCTb npnoSpeTaiOT npo- 
SjieMbi panHOHajitHoro npHpoflonojib30BaHHa. Oho noflpa3yMeBaeT flocTaTOHHO nojiHoe hc- 
nojib30BaHHe floSbiBaeivtbix npnpoflHbix pecypcoB h, cooTBeTCTBeHHO, yMeHbmemie KOJiHne- 
CTBa hx noTpeSneHHa, oSecneneHHe BOCCTaHOBJiemia, a Taioice nojiHoe Hcnojib30BaHHe otxo- 

flOB npOH3BOflCTBa. 

B oSnacTH Heflponojib30BaHHa KaK nacTH npHpoflonojib30BaHHa Ka>KflbiH H3 pecypcoB 
He/ip TpeSyeT BcecTopoHHero HCCJieflOBaHHa fljia pa3pa6oTKH onTHManbHoro KOMnneKCHoro 
MeTOfla ocBoeHHa, BKJiiOHaa nponeccbi floSbiHH, nepepaSoTKH h noTpeSjieHHH. CTpaTerna 
pa3pa6oTKH Kaacfloro Meeropo>KfleHH}i flOJDKHa cooTBeTCTBOBaTb hoboh skohomhhgckoh ch- 
CTeMe npHpoflonojib30BaHHa, npeflnojiaraiomeH panHOHanbHoe KOMiuieKCHoe ocBoeHne 
Heflp, BbWBJieHHe h yneT ocoSeHHOCTeft, B03MO>KHbix oSjiacTeM h HanpaBJieHHH Hcnojib30Ba- 
hh» pecypcoB He#p, b tom HHCJie MHoroo6pa3Hbix otxoaob ropHonpoMbinuieHHoro kom- 
nneKca - TexHoreHHbix MecTopo>KfleHHH [1]. 

HeoSxoflHMO yHHTbiBaTb oSycuoBJieHHOCTb pau,HOHanbHoro npHpoflonojib30BaHHa He 

TOJIbKO nOHCKOM, pa3pa60TK0H H peajIH3aU,HeH HHHOBailHOHHblX TeXHHHeCKHX H TeXHOJIOrH- 
HeCKHX penieHHH, HO H MeTOflOJIOrHHeCKOH oSoCHOBaHHOCTbK) OHeHKH 3KOHOMHHCCKOH 3§>- 
(})eKTHBHOCTH B KOHKpeTHblX COHHajTbHO-3KOHOMHHeCKHX yCJIOBHSX. IlOfloSHOe HHHOBailH- 

OHHO-opHeHTHpoBaHHoe CTpaTerHnecKoe ynpaBJieHHe npeflnpnaTHeM aojdkho oSecnenHBaTb 

nOBblHieHHe 3(J)(J)eKTHBHOCTH npOH3BOflCTBa H erO yCTOHHHBOe pa3BHTHe, HTO aKTyajIbHO PJlft 
BCeX pOCCHHCKHX TOBapOnpOH3BOflHTeJieH, nOCKOJIbKy HM npHXOflHTCa KOHKypHpOBaTb Ha 
BHyTpeHHeM H MHpOBOM pblHKaX C BbICOKOOpraHH30BaHHbIMH npOH3BOflCTBaMH BbICOKOpa3- 
BHTblX CTpaH. 

flua 34)(})eKTHBHoro pa3BHTHa npoMbiuiJieHHOCTH CTpoHTejibHbix MaTepnajiOB Heo6- 
xoflHMO KOMHueKCHoe Hcnojib30BaHHe floSbiBaeMbix npHpoflHbix pecypcoB, b tom HHCJie ot- 
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xoflOB (oTceBOB /rpoSjieHHa meSiia). CymecTByiomHe TexHOJioraH npoH3BO#CTBa He no3BO- 

JiaiOT CHH3HTB oGbeMbl BblXOfla OTCeBa, KOTOpblH B 3HBHCHMOCTH OT TOrO, KaKOH (J)paKnHH 

npoH3BOflHTca meSeHb, mtokct cocTaBJiaTb #o 40 % ot oSbeivia nponBBOflHMoro TOBapHoro 
meSHa, no3TOMy acjj^eKTHBHoe ero Hcnojib30BaHHe aBJiaeTca aKiyajibHOH 3aflaneH. 

PoccHHCKHe npeflnpnaTHa opHeHTHpoBaHbi Ha BbinycK ^Byx-Tpex (|)paKnHH meSiia h 
rpaBHa h oahoh 4)paKri,HH necKa. OflHaKO HeKOTopwe OTenecTBeHHbie h MHorne npeflnpnaTHa 
b pa3BHTbix CTpaHax npoH3BOflaT b HecKOJibKO pa3 Sojibiue bh^ob npoflyKii,HH. B pocchhckoh 
npoMbiuiJieHHOCTH CTpoHTenbHbix MaTepnajiOB b nepnofl HanSojiee HHTeHCHBHoro BefleHHa 
CTpoHTenbHbix paSoT HaSniOflaeTca flecJjHnnr 5Kejie3HOflopo>KHoro TpaHcnopTa. IIepeB03Ka 
TaKoro MaTepnana, KaK OTceBbi, Ha Sojibinne paccToaHHa HepanHOHajibHa. IIo3TOMy hx mo>k- 
ho paccMaTpHBaTb TOJibico KaK MecTHoe cbipbe. 

B 201 1 - 2012 rr. 6bm OTMeneH ycTOHHHBbin cnpoc Ha Hepy^Hbie CTpoHrejibHbie Ma- 
TepHanbi, b tom HHCJie Ha meSeHb. TaioKe HaSjnoflauca aKTHBHbin pocT npoH3BOflCTBa meSHa 
h OTceBa, hto CBa3aHO c poctom o6beMOB npoH3BOflCTBa CTpoHTenbHbix h flopo>KHbix paSoT B 
PO>. 

Bonee nojiOBHHbi o6beMa nponBBOflCTBa otccbob ^poSjieHHa npHxoflHrca Ha CeBepo- 
3anaflHbiM h UeHTpajibHbiH peraoHbi. B CeBepo-3anaflHOM 4)eflepajibHOM OKpyre (C3cDO) 
jiH^epoM no npoH3BOflCTBy rpaHHTHbix otccbob aBJiaeTca JleHHHrpaflCKaa oSnacTb (BKjnonaa 
r. CaHKT-IIeTepSypr), y#ejibHbiH Bee KOTopoii b o6meM oSbeMe npoH3BO#CTBa otccbob 
C3cDO cocTaBJiaeT 48 %. BTopoe MecTO no CeBepo-3anaflHOMy 4>eflepajibHOMy OKpyry 3a- 
HHMaeT PecnySnHKa Kapenna (17 %), 3a Hen cueflyeT MypMaHCKaa oSnacTb (9 %), KajiH- 
HHHrpaflCKaa, BonoroflCKaa h HoBropoflCKaa oSjiacTH (5-6 %), ApxaHrenbCKaa, IIckob- 
CKaa, PecnySnHKa Komh (3 - 4 %) (pnc. 1). KpynHenmnMH npoH3BO#HTejiaMH rpaHHTHoro 
OTceBa b C33>0 h UempajibHOM cDeflepanbHOM OKpyre (IIcDO) aBJiaiOTca 3AO «JICP - Ea- 
30Bbie», «IIaBJiOBCKrpaHHT» n 3AO "KaivteHHoropcKHH KOM6nHaT Hepy^Hbix MaTepnajiOB" 
(110 "JleHCTpoHMaTepnajibi"). 

■ TleHWHrpaflCKaa 
o6^acTb h r. Cshkt- 
neiep6ypr 

■ Pecny6/iHKa Kape/ina 



■ MypMaHCKaa o6,nacTb 



■ Ka/iwHwrpaflCKaa 
06/1 a crb 



Phc. 1 - IlpoH3BOiiHTeJiH rpaHHTHoro OTceBa b C3Q>0 

OSihhh o6beM noTpeSjieHHa OTceBa b PcD cocraBJiaeT Sonee 16,3 mjih t b ro#, b tom 
HHCJie rpaHHTHoro OTceBa h KponiKH Sonee 9 mjih t b ro#. HanSojibniHH bh^hmwh o6beM 
noTpeSjieHHa OTceBa h KpouiKH npnxoflHTca Ha OpjiOBCKyio, JleHHHrpaflCKyio h Mockob- 
CKyio oSnacTH (cyMMapHO okojio 890 twc. t b rofl). 

Bonee 80 % HMnopTHbix nocTaBOK OTceBa (b HaTypajibHOM hchhcjichhh) npoH3BO#H- 
Jiocb fljia npeflnpnaTHH Mockobckoh, Kajiy>KCKOH, BpaHCKOH, JleHHHrpaflCKOH h OpjiOBCKoii 
oSjiacTen. 
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B nenoM no pwHKy Hepy^Hbix CTpoHrejibHbix MaTepnajiOB Swjio BbiaBJieHO, hto no- 
TeHu,HajibHbiH cnpoc Ha necoK (^paKnnii 0,16-2 mm momcct cocTaBHTb #o 45 tmc. t b Me- 
cau,; Ha KponiKy (J)paKii,HH 2-5 mm #o 58 tmc. t b Mecaii. 

IIoTeHLi,HajibHbiMH noTpeSnrejiaMH OTceBa 4)paKii,HH 0,16-2 mm Moryr eraTb npe#- 
npnaTHa, nporoBOflamne cyxne CTpoHTejibHbie CMecn (CCC), ac(})ajibTo6eTOH, Mcejie3o6e- 

TOHHbie H3fleJIH3, B KOTOpblX MOryT HCnOJIb30BaTb 3TOT OTCeB BMeCTO CTpOHTeJIbHOrO KBap- 

neBoro necKa. IIpH 3tom ctohmoctb OTceBa (^paKnnii 0,16-2 mm He flomiCHa cymecTBeHHO 
npeBbiniaTb CTOHMOCTb CTpoHTenbHoro necKa. 

IloTeHLi,HajibHbiMH noTpeSHTenaMn KponiKH 4)paKHHH 2-5 mm Moryr CTaTb nponBBO- 
flHTenH aHTHrojiojieflHbix CMeceM, a TaioKe oSnacTHbie CTpoHTejibHO-flopo>KHbie KOMnaHHH, 
KOTopwe OTBenaiOT 3a coflepMcamie flopor b pernoHe h roTOBbi npHMerorrb rpaHHTHbin otccb 
b KanecTBe anrnrojioJieflHon nocbinKH. 

flua noBbinieHHa KOHKypenrocnocoSHOCTH neHa Ha otccb 4)paKii,HH 0,16 - 2 mm 
flOJDKHa cooTBeTCTBOBaTb neHaM Ha CTpoHTejibHbiH necoK. CpeflHaa pbmoHHaa neHa Ha 
CTpoHTejibHbiH necoK cocTaBJiaeT 250 pyS.Ar, hjih 650 py6./M 3 . HeneHOBbiM npeHMymecTBOM 
OTceBa (^paKnnn 0,16-2 mm aBJiaeTca noBbinieHHe KanecTBemibix xapaKrepncTHK npoH3BO- 
flHMoro Ha ero ochobc SeTOHa. 

U,eHy Ha otccb ^paKnnn 2-5 mm onpeflenaeM ncxofla H3 cpeflmrx pbiHOHHbix neH Ha 
flaHHyio (})paKLi,Hio, KOTopaa HMnopTHpyeTca H3 YKpanHbi h BenopyccHH b pac(f)acoBaHHOM 
BHfle no neHe ot 800 py6./T (TaSnnna). 



IIpoayKTbi, nojiyiaeivibie b npouecce nepepaSoTKH rp a iiirmo ro OTceBa 0-5 mm 



OpaKUHa 


IToTpeGHTenH 


ITpe/inoJiaraeMbiH 
o6beM noTpe6jieHHa 


PacHeraaa neHa 


0,16 - 2 mm 


3aBOflbi no nponBBOflCTBy CCC, 
ac(})ajibTo6eTOHa, 5KEH 


45 TbIC.T b Mec 


260 py6./T 
680 py6./M 3 


2-5 MM 


IIpOH3BOflCTBO no H3rOTOBJieHHK) 

aHTHrojioJieflHbix CMecen, jiaHfl- 

ma(})THbIH flH3aHH 


58 Tbic.T b Mec 


450 py6./T. 
1020 py6./M 3 



ripeflnpnaTHa-nocTaBmnKH OTceBa npeflJiaraiOT Ha pbiHKe b C3cDO npeHMymecTBeH- 
ho OTceB (J)paKLi,HH 0 - 5 mm He(J)paKnHOHHpoBaHHbiH, hto onpeflenaeT ero flemeBH3Hy (Ha 
ypoBHe 70 - 110 pyS./r 6e3 Hfl,C, ^pamco-CKJiafl npoH3BOflHTejia) h mnpoKoe npHMeHeHHe b 

flOpO>KHOM CTpOHTeJIbCTBe. B CB33H C 3THM MO>KHO CfleJiaTb BblBOfl O HeoSxOflHMOCTH pa3pa- 

Sotkh MeponpnaTHH no Hcnojib30BaHHio otccbob flpoSneHHa, k kotopmm othochtcs (})paK- 
14 KpynHOCTbio 0-5 mm. 

IlepepaSoTKy otccbob ropHbix nopofl mo>kho npoBOflnrb nocpeflCTBOM pa3flejieHna 
MaTepnana Ha ^paKnnn. J\na sthx nejieii Hcnojib3yiOTca KacKaflHO-rpaBHTannoHHbie KJiac- 
cn(})HKaTopbi, no3BOJiaioniHe nonynaTb 2-4 KJiacca npoflyieroB y3Knx (})paKnHH b flnana30He 
KpynHOCTH 0 - 5(10) mm c npoH3BOflHTejibHOCTbio ot 1 p,o 60 t/h [2]. 

KjiaccH^HnnpyiomHe KOMnneiccbi Kr ocHOBaHbi Ha npHHnnne KacicaflHO- 
rpaBHTau,HOHHOH KJiaccn(})HKaLi,HH MaTepnanoB: pa3flejieHHH nacTnu, b B03flyniHOM noTOKe no 
nx KpynHOCTH hjih huothocth. OcoSeHHOCTbio KJiaccH(})Hii,HpyiomHx KOMnneKCOB Kr 3BJia- 
eTca OTcyrcTBHe cht h MexaHnnecKHx arperaTOB pacceBa. ilponecc KJiaccn(})HKaii,HH oSecne- 
HHBaeTca ncioiiOHHTejibHO B03flyniHbiMH noTOKaMH n KOH^nrypanHen KaMep KJiaccn(})HKa- 
hhh. KjiaccH(|)Hii,HpyiomHe KOMnneKCbi Kr npeflCTaBJiaiOT coSoh nocjieflOBaTenbHyio TexHO- 
jiornHecKyio cncTeMy KJiaccn(})HKaii,HH, ocHOBamryio Ha MOflyjibHbix annapaTax, oSecnenH- 
Baiomnx BbicoKne noKa3aTenH paSoTbi, npocTOTy SKcruiyaTannH, Manyio 3aHHMaeMyio nno- 
maflb n 3HeproeMKOCTb. KoMmieKCbi npaKTHnecKH He TpeSyiOT oScnyacHBaHna, OTcyTCTByiOT 

CHCTeMbI CMa3KH, (J)aKTHHeCKHH K03(})(})HIl,HeHT HCnOJIb30BaHHa oSopyflOBaHHS MO>KeT flOCTH- 

raTb 0,95. 
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qjeqiiVi rpufly*! rpvnhUH npqflyKl 



Phc. 2 - TexHOJiornnecKaa cxeMa KnaccH(j)imHpyiomero KOMnneicca KT 

HcxoflHbiH npo/iyKT nocTynaeT b 3arpy30HHbin SyHicep KJiaccn^nicaTopa h noflaeTca 
b niaxTy I, r#e b BoexoflameM B03#ymHOM noTOKe nponcxoflnr ero nepBHHHaa KJiaccn^nica- 
nna: OT^ejieHHe KpynHbix (raacejibix) nacTHu,, KOTopbie ocaac^aiOTca h BbirpyacaiOTca nepe3 
3aTBop b HH>KHeH nacra uiaxTbi (pHC. 2). Bojiee MenKHe (^paKnnn noflHHMaiOTca n nepeTe- 
KaiOT b uiaxTy II, r^e TaioKe nponcxoflnr nponecc pa3fleneHHa nacTHu, no 3a#aHHbiM ^nana- 
30HaM KpyimocTH (iuiothocth): cpeflHHn npoflyKT onycicaeTca b hh3 niaxTbi II n pa3rpyaca- 
eTca nepe3 3aTBop, mcjikhh npo#yiCT BbmocnTca nepe3 BepxHnn naTpySoic KJiaccn^nicaTopa 
BMecTe c B03flyxoM b CHCTeMy oca^K/ieHHa h acnnpannn [3]. 

Bo3flyuiHbie KacKaflHO-rpaBHTannoHHbie KJiaccn^nicaTopbi Kr paSoTaioT b 3aMKHy- 
tom nnioie no B03flyxy: B03flyx H3 CHCTeMbi oca^KfleHHa B03BpamaeTca b KJiaccn^nicaTop n 
HacTHHHO nocjie ohhctkh b cncTeMe acnnpannn cSpacbiBaeTca b aTMOC(j)epy. 

IlepepaSoTKa OTceBa flpoSjieHna npn noMOinn KJiaccn^nnnpyioinero KOMnjieKca Kr 
no3BOJiaeT nonynaTb: 

• 3anojiHHTejin/me6HH mcjikhx KnaccoB 2-5 mm, ncnonb3yeMbie fljia BepxHero cnoa 
flopoacHoro nonoTHa; 

• CTpoHTejibHbie necKn (1 KJiacca) 0,16 - 2 mm; 

• MHHepajibHbin HanojiHHTejib/Myicy 0-0,16 mm. 

Ilpn coxpaHeHHH 3aflaHHoro oGbeMa npon3BO£CTBa mo»cho floSnrbca cffiraceHHa ne- 
xoboh ceSecTOHMOCTH n noBbimeHna 3^)^)eKTHBHOCTH. Ilpn tom >Ke oSbeMe nepepaGoTaHHon 
ropHon Maccw BbinycK TOBapHon npoflyKnnn yBejinnnBaeTca. 3to nponcxoflnr 3a cneT 
KJiaccn^nKannn OTceBa (KOTopbin paHee CKJia^npoBajica b OTBanax). 

Be30TxoflHoe nponBBOflCTBO - coBpeMeHHbin, 3KOJiornHHbin n BbiroflHbin iiorxor k 
pa3pa6oTKe MecTopoacfleHnn none3Hbix ncKonaeMbix. CoBpeMeHHbin ypoBeHb pa3BHTna 
npoH3BOflCTBa no3BOJiaeT ncnonb30BaTb HOBenuiee oSopyflOBamie fljia nepepaSoTKH otccbob 
ApoGjieHHH meGiia. 

IlepepaSoTKa nyreM npon3BOflCTBa (J)paKLi,HOHHpoBaHHoro OTceBa c noMombto Kac- 
KaflHO-rpaBHTannoHHoro KJiaccH(|)HKaTopa pemaeT cjieflyiomne 3a/iaHH. 

Bo-nepBbix, nepepaSoTKa otccbob #aeT B03MO>KHOCTb He HaicanjiHBaTb HOBbie OTBa- 
Jibi, to ecTb 3aHHMaTbca nepepaSoTKon TeKymnx otccbob. 

Bo-BTOpbIX, npOH3BOflCTBO HOBOH aKTyajIbHOH flJia COBpeMCHHOrO pbiHKa npoflyKu,nn 

no3BOJiaeT nojiynnTb flonojiHHTejibHyio npnSbuib. 
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ADVANCED TECHNOLOGIES OF 
RECLAMATION LANDS DISTURBED 
BY MINING IN the FEFA 



Abstract: 

The article examines advanced technologies of 
reclamation lands dicturbed by mining operations 
in the of FEFA. The results of experimental studies 
in the greenhouse and production conditions for 
studying reproduction of biological productivity 
and soil fertility reconstruction using complex met- 
abolic potential of biological objects to ensure en- 
vironmental and social safety are generalized. 



Keywords: reclamation, disturbed lands, bioreme- 
diation, biological productivity, wastes of mineral 
processing 



Ilo o6pa3HOMy Bt>ip a jkchhio aKa^eMHica B.H. BepHa#CKoro (1940), HejiOBenecTBO 
npeBpaTHJiocb b MomHyio reanorHHecKyio CHJiy, TpaHC(hopMHpyiomyK) OKpyacatomyro cpe^y 
h npeo6pa3ytomyto jiaH/tmachTbi. H3BecTHO, hto ocBoemte TBepflbix nojie3Hbix HCKonaeMbix 
cnocoScTByeT HHTeHCHBHOMy 3arpa3HeHHK> npjtpoflHoit cpe#bi He tojibko nocpeflCTBOM xh- 
MHnecKoro 3arpa3HeHita 3KOCHCTeM, ho h (})H3HKO-MexaHHHecKoro HapyHiemta noHBeHHO- 
pacTHTejibHoro noKpoBa. OcoSyio onacHOCTb npeflCTaBJiatOT TexHoreHHbie CHCTeMbi (Hapy- 
uieHHbie 3eMJiH, OTBajibi, ^pa^KHbie nojinroHbi, xBOCTOxpaHHJiHiiia h #p.). B cbji3h c 3thm 
iienb HCCJieflOBaHHa cocToana b H3yneHHH BOcnpoH3BOflCTBa SHOJiorHHecKoit npoflyKTHB- 
hocth h BOCC03flaHHa noHBeHHoro njioflopoflHa Ha HapyiueHHbix ropHbiMH paGoTaMH 3eMJiax 
c Hcnonb30BaHHeM KOMnneKca MeTaGojinnecKoro noTeHiiHajia GHOJioranecKHx o6beKTOB 
oSecneneHHa 3KonorHHecKOH h coiiHanbHOH hx 6e3onacHOCTH. CchopMynnpoBaHbi cue^yio- 
mHe 3a^aHH: 1) npoaHajiH3HpoBaTb, oSoSuiHTb h CHCTeMaTH3HpoBaTb cymecTBytouiHe pe- 



88 



3yjiKraTbi HCCJieflOBaHHa b Pocchh h MaTepnajibi naTeHTHoro noncKa no Ha3BaHHOH npoSjie- 
Me; 2) ou,eHHTb BJinaHHe hctohhhkob TexHoreHHoro 3arpa3HeHHa Ha SKOCHcreMbi; 3) npo- 
BecTH 3KcnepHMeHTanbHbie HcanenoBaHHa b opaH>Kepee h nporoBoncTBemibix ycnoBHax no 
BOcnpoH3BOflCTBy SnojiomHecKon nponyKTHBHOCTH HapynieHHbix xBOCTOxpaHHJinineM OAO 
«CojiHeHHoro TOKa» 3eMejib c ncnojib30BaHneM CMemaHHoro KopoKOMnocTa H3 Jieconpo- 

MbiniJieHHblX OTXOflOB. 

OSteKTbi h MeTOAbi HCCJieAoeaHHH. HccjieflOBaHna npoBeneHbi b TeneHne 1988 - 
2013 rr., oSbeieroM nocjiy>KHJiH TexHoreHHbie cncTeMbi. 3KcnepHMenrbi npoBeneHbi b opaH- 
>Kepee ^ajibHHHJIX n b npoH3BoncTBeHHbix ycnoBnax. MeTonojiorHnecKOH ochoboh sbh- 
Jiocb yneHne aKaneMHKa B.H. BepHa^cKoro o 6noc(})epe n HOOC(})epe [1, 2] n ocHOBHbie no- 
jioaceHna, H3Jio>KeHHbie b nporpaMMe n MeTonnKe royHemui TexHoreHHbix 6noreoii,eH030B 

B.n. KoJieCHHKOBbIM H JI.B. MOTOpHHOH [3]. 

Pe3yjibTaTbi uccjiCAOBaHun. B HacToamee BpeMa yace npon^eH noncKOBbin, Hanajib- 
Hbin 3Tan pa3pa6oTKn BonpocoB BOCCTaHOBJieHna npoflyKTHBHOCTH HapynieHHbix 3eMenb h 
HaKonneH oSmnpHbiH (J)aKTHnecKHH MaTepnaji [1 - 8, 12, 14, 15, 17]. OnHaKO HeoSxoflHMa 
CHCTeMaTH3aHna h oSoSiHemie 3toh HH<|)opManHH ^Jia nocTpoeHHa ochob oSmeii Teopnn pe- 
KyjibTHBanHH TexHoreHHbix jiaHmna(})TOB. UejieHanpaBJieHHoe BOcnpoH3BOflCTBO npoflyKTHB- 
hocth TexHoreHHbix jiaHflina(j)TOB ocoSemio aKTyajibHO fljia lora fl,ajibHero BocTOKa, r^e 
omymaeTca flec[)HHHT nnonopoflHbix nonB, MomHOCTb KOTopwx He npeBbimaeT 10 cm. OflHaKO 
3flecb Teivuibi peKyjibTHBanHH KpaiiHe hh3kh (0,001 % ot Been njioma^H HapymeHHa) [5 h pp.]. 

AHanH3Hpya jiHTepaTypHbie naHHbie [2 - 9, 12, 14, 17 h np.], cnenyeT cica3aTb, hto 
npaKTHnecKH OTcyTCTByiOT nySjiHKanHH HayHHO-HCCJienoBaTejibCKHx paSoT, conep>KainHe 

KOHCTpyKTHBHbie KpHTHHeCKHe OHCHKH CymeCTByiOIHeH peKyjIbTHBaHHOHHOH npaKTHKH H 

npaKTHnecKoro npHMeHeHHa ajibTepHaTHBHbix MeTonpB h TexHOJiornH peKynbTHBanHH Ha 
TeppHTopnH paccMaTpHBaeMoro pernoHa. B HacToamee BpeMa npHMeroieMbiH b nponBBon- 
CTBeHHoii npaKTHKe TepMHH "peKyjibTHBanHa", Ha Ham B3raafl, He cjihuikom KoppeKTeH. Co- 
raacHO Me>KrocyflapcTBeHHOMy CTaH^apTy, cooTBeTCTByioiHeMy CTC3B 3848-82 (rOCT 
17.5.1.01-83) [10] (flaTa BBefleHna 1984-07-01), peicyiibTHBanHa - KOMimeKC paSoT, HanpaB- 
jieHHbix Ha BOCCTaHOBJieHne npoflyKTHBHOCTH h HapoflHOxo3»HCTBeHHOH neHHOCTH HapynieH- 
Hbix 3eMejib, a Taioice Ha yjiynmeHHe ycnoBHH OKpy>KaioiHeH cpenbi b cooTBeTCTBHH c Hnrepe- 
caMH oSmecTBa. OnHaKO b stom onpenejieHHH MecTO noHBe KaK (J)yHflaMeHTy, 6a3ncy jiioSoh 
Ha3eMHOH 3KocncTeMbi, BbinojiiMioiHeH 6HOC(])epHbie (J)yHKHHH, He HaxoAHTca. H He cjiynan- 
ho, Ha peKynbTHBHpyeMbix njiomaflax b J\<&0 (rne npoBeneH TexHHnecKHH 3Tan, npenycMaT- 
pnBaioiHHH TOJibico njiaHHpoBKy) co3flaeTca, KaK npaBHJio, pacTHTejibHbiH noKpoB c hh3koh 
npoflyKTHBHOCTbio, He oSecnenHBaioinHH SKOJiornnecKyio 6e3onacHOCTb HapynieHHbix b npo- 
necce ocBoemia MHHepanbHoro cwpba 3eMejib. HenocTaTOHHaa npopaSoTaHHOCTb MeTOflOJio- 
thh oSocHOBaHHa h npHHaTHa pemeHHH b oSjiacTH npHpoflOOxpaHHoii fleaTenbHOCTH npen- 
npnaTHH MHHepajibHO-CbipbeBoro KOMnneKca b J\O0 aBJiaeTca npHHHHOH HeB03MO>KHOCTH 
oSecneneHHa flOJi>KHoro KanecTBa OKpyacaiomeii cpenbi 3#ecb, b tom nncjie peKynbTHBaHHOH- 
hmx paSoT. TeM Sojiee, hto b HcanenyeMOM pernoHe He npoBonHTca SHOJioranecKHH 3Tan pe- 
KyjibTHBanHH. H He cjiynaiiHO npo^yKTHBHOCTb BOCCTaHOBJieHHbix 3eMejib b nejiOM 3HanH- 
TejibHO HH>Ke, HeM SbiJia #o hx HapymeHHa. 

Abtopm coraacHbi c MHeHHeM H.M. ra^>KHeBa, B.A. AHnpoxaHOBa [11], hto tojibko 
noHBeHHbie napaivieTpbi c 3aflaHHbiMH CBOHCTBaMH no3BOJiaiOT ^oSnTbca onpeflejieHHoro 
ypoBHa BOCCTaHOBJieHHa noHBeHHO-3KOJiorHHecKHx (J)yHKnHH. AHajiH3 jiHTepaTypHbix hc- 
tohhhkob [3 - 17 h Hp.] h coBpeMeHHOH 3KOJiorHHecKoii cnryanHH b ropHonpoMbinnieHHbix 
panoHax flOO no3BOJiaeT yTBep>KflaTb HeoSxoflHMOCTb npoBefleHna KOMnneKCHoro bocco- 
3flaHHa HapynieHHbix skochctcm c yneTOM SnoKUHMaTHHecKHx ocoSeHHOCTen pernoHa, 3ko- 
jiorHHecKHx, noHBeHHbix h xo3aHCTBeHHbix napaMeTpoB. Ha 3toh ocHOBe mo>kho npefljio- 
>KHTb cjieflyiomee onpeflejieHne peKyjibTHBanHH 3eMejib: 3to KOMnneKC MeponpnaTHH, 
HanpaBJieHHbiH Ha yjiynmeHHe jiaHflma(})Ta, BKmonaioniHH BOCCTaHOBJieHne Bcex ero a6no- 

THHeCKHX, B TOM HHCJie nOHBeHHO -3KOJIOrHHeCKHX , (J)yHKHHH, SL TaKMCe SnOTHHeCKHX KOMnO- 
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HeHTOB, HapynieHHbix ropHbiMH pa.60Ta.MH, co3#aHHe Ha hx MecTe SnojiorHHecKH npo#yK- 
thbhwx h pau,HOHajibHO opraHH30BaHHbix 3JieMeHT0B KyjibrypHbix aHTponoreHHbix Snoreo- 

U,eH030B. 

PbyneHHe h aHajiH3 Me>KflyHapoAHoro npaBOBoro onbiTa pa3BHTbix npoMbinuieHHbix 
CTpaH noKa3biBaeT, hto npoSneivia peKynbTHBauHH peiuaeTca ycneniHO [11 h #p.]. 

B k»khoh Hacra J\O0 ocBoeHHeM TBepflbix nojie3Hbix HCKonaeMbix HapyineHO Sojiee 
750 000 ra npoflyKTHBHbix 3eMejib, OKa3biBaiomHx HeraTHBHoe BJiHJiHHe Ha cpe^y oSm-amia. 
HanSojiee aKTyajibHbiMH ^Jia ^1,00 aBJiaiOTca HCCJieflOBaHHa no peKynbTHBauHH TexHoreH- 
hmx o6pa30BaHHH c Hcnojib30BaHHeM SHopeMeflnauHH, T.e. KOMnneKca MeTOflOB c Hcnojib30- 
BaHHeM MeTaSojiHnecKoro noTeHiTHajia SnojiorHHecKHx oSbeieroB - pacTeHHH, rpnSoB, mhk- 
poopraHH3MOB, HaceKOMbix, HepBeM h flpyrnx oprainoMOB [12]. Ee npeHMymecTBa 3aKnio- 
naiOTca b OTHOCHTenbHO hh3koh ceSecTOHMOCTH npoBOflHMbix paSoT no cpaBHeHnio c Tpa- 
flHu,noHHbiMH MeTOflaMH h 6e3onacHOCTbio fljia OKpy>KaionieH cpe#bi, a TaK>Ke bo3mo>kho- 

CTbK) 3KCTpaKU,HH UeHHblX BemeCTB H3 3eJieHOH MaCCbl paCTeHHH (Ni, Au, Cu) H B03MO>KHO- 

CTbio MOHHTopnHra npouecca ohhctkh noHBorpyHTOB ot Ta>Kejibix MeTajuiOB. 

Ilpn ou,eHKe otxoaob ropHopyflHoro npoH3BO#CTBa KaK ncTOHHHKa HeraTHBHoro bo3- 
flencTBna Ha OKpy>Kaiomyio cpe^y n 3#opoBbe nenoBeKa Ha npHMepe xBOCTOxpaffluiHina 
SbiBmero CojiHenHoro TOKa ynHTbiBanca hx MHHepajibHbin h BemecTBeHHbm cocTaB. Hc- 
CJieflOBaHHaMH ycTaHOBJieHO oneHb BbicoKoe co#ep>KaHHe cynbdpHflHoii cepbi, oSiithh o6beM 
kotopoh b xBOCTOxpaHHJinme cocTaBJiaeT 21 000 t, npn cpeflHeM ee co#ep>KaHHH 2,16 %. 
XapaKTepHaa reoxnMnnecKaa ocoSemiocTb «xboctob» - 3to 3HaHHTejibHbie KOHnenrpannH b 
hhx TOKCHHHbix xHMHHecKHx 3JieMeHTOB: MeflH (cBbime 4 000 iVt), MbinibaKa (Sojiee 2 000 
t/t), CBHHua (okojio 1500 t/t) h flp. KpaTHOCTb npeBbimeHna MaKCHMajibHbix KOHnenrpannH 
3arpa3HjnoiHHx BemecTB KOJieSanacb ot 16 p,o 80 pa3. PaHee nojiyneHHbiMH pe3yjibTaTaMH 
noKa3aHO, hto 3arpa3HeHne B03flyniHoro SacceiiHa OTxo/iaMH oSoramemia, HanpHMep b no- 
cenKe CojiHenHbiH, no a3po30JiHM cyjib(})aT-HOHOB, tokchhhoh nbmn, Ta>KejibiM MeTajniaM 

OTHOCHTC3 K 3KCTpeMajIbHO BblCOKOMy ypOBHK) [9, 15, 17 h up.]. 

MnKpo3JieMeHTHbiH cocTaB CHe>KHoro noKpoBa KaK HH^nKaTop TexHoreHHoro 3arpa3HeHna 
npeACTaBJieH b Ta6n. 1 . YcTaHOBJieHO npeBbimeHHe He TOJibKO (})OHOBbix co#ep>KaHHH Tjrace- 
ubix tokchhhwx MeTajuiOB (Pb, Mn, Cu, Cr, Co, Ni, Cd) b noHBax, BO#ax h pacTHTenbHOCTH, 
ho h n^K. CyMMapHbiH K03(})4)HHHeHT 3arpa3HeHHa b paMoHe HCCJieflOBaHna cocTaBJum So- 
nee 140. HaniH HCCJieflOBaHHa CBH^eTejibCTByiOT o uHToreHeTHHecKOM H3MeHeHHH b KneT- 
Kax pacTeHHH-SHOHHflHKaTopoB (TecT-CHCTeMbi «CTepnjibHOCTb nbijibii,bi», HanpHMep, HUH 
«Poctoboh TecT»). BbiaBJieHa npaMaa KoppejiauHOHHaa 3aBHCHMOCTb Me>K#y KOHireHTpauH- 
en noflBH>KHbix (})opM Ta>Kejibix MeTajuiOB (TM) b noHBax 30hbi BjiHamia otxoaob nepepa- 
Sotkh MHHepajibHoro cwpba h CTepHJibHOCTbio nbijibu,bi. IIpH yBejiHneHHH TexHoreHHoro 
3arpa3HeHHa TM OHa B03pacTaeT h ^ocTHraeT 22 %. CocTaB MHKpoc})Jiopbi, CTpyKTypa h 
(J)yHKHHOHHpoBaHHe MHKpo6ou,eH030B HapyuieHbi. 



Ta6jiHu,a 1 

MHKpo3JieivieHTHbiH cocTaB CHeacHoro noKpoBa (BoaopacTBopniviaH (|)pakiuiH), oToSpaimoro 
b 3QHe bjihhhhh xBOCTOxpaHHJiHiua U,Q<D OAO «CojiHeqHbiH rOK» 



IloKa3aTeJib 


Cu 


Pb 


Cd 


Mn 


Ni 


Co 


Cr 


Sb 


3 

Ccp, MlVflM 


0,0205 


0,0028 


0.0075 


0,038 


0,004 


0,0025 


0,0075 


0,012 




0,001 


0,006 


0,005 


0,01 


0,01 


0,01 


0,02 





PaHee BbinojiHeHHbiMH HCCJieflOBaHHaMii ycTaHOBJieHO, hto 3arp»3HeHHe skochctcm, 
oSycjiOBJieHHoe MHrpauHH Ta>Kejibix MeTajuiOB b hohbchhom npodpnjie, Bbi3biBaeT yxy^Hie- 
HHe 3flopoBba, ocoSeHHO fleTeii h no>KHJibix jnoflen, b ropHau,KOM nocejnce CojiHenHbiii Xa- 
SapoBCKoro Kpaa. Ha ochobc H3yneHHa apxHBHbix ^aHHbix h CTaTHCTHnecKOH HH(})opMaLi,HH o 
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3a6ojieBaeMOCTH b nccneflyeMOM panoHe ycTaHOBJieHO, hto 3arpa3HeHHe tokchhhmmh 3-ne- 
MeHTaMH o6i>eKTOB oKpy)KaiomeH cpe#bi yBejiHHHBaeT hhcjio 3a6ojieBaHHH opraHOB #bixa- 
HHa, HepBHOH CHCTeMbi, CHCTeMbi KpoBOoSpameHna, nHineBapeHHa. Ba>KHoe 3HaneHHe npn 

HHflHKaU,HH 3KOJIOrHHeCKOrO COCTOaHHa TeppHTOpHH HMdOT OHKOJIOrHHeCKHe 3a6ojieBaHHa, 

hto MoaceT SbiTb oGycjiOBJieHO npncyrcTBneM b panoHe nccjieflOBaHna KaHneporeHHbix 3-jie- 
MeHTOB - As, Sb, Hg. OcoGoro BHHMaHna TpeGyeT #eTCKoe HaceneHHe, nocKOJibKy ^era 
HanSonee ya3BHMbi n nyBCTBHTejibHbi k ^encTBHio xhmhhcckhx areHTOB BOoSme (pnc. 1) [8, 
15]. B cbji3h c HeraTHBHbiM BJiHaHHeM OTxoflOB nepepaSoTKH MHHepanbHoro cwpba Ha cpe/iy 
oSnraHna B03HHKaeT HeoSxoflHMOCTb oSecneneHna hx aKOJiornnecKon 6e3onacHOCTH. 



HHCJIO 

3a6ojieBUJMX 
fleTeS Ha 1000 
Hen. 4 




- AcTMa, acTMaTiwecKHH craTyc 
ATonmecKi*i flepMamT 



rofl 



Phc. 1 - PacnpocTpaHeHHOCTb 3a6aneBaHHH acTMofi h aToriHHecKHM flepMaraTOM 

(ae™ iio 14 jieT) 

HaMH BnepBbie b 1988 r. #Jia ycjiOBnn J\O0 cobmcctho c coTpyflHHKaMH HHCTHTyTa 
BHHHOCyronb (r. IlepMb) onpoGoBaHa TexHOJiorna ycicopeHHOH peKynbTHBannn Hapy- 
uieHHbix ropHbiMH paSoTaMH 3eMenb nyreM 6aKTepH3annn ceMaH 6o6oBO-3JiaKOBon TpaBO- 
CMecH (idieBep Senbin + THMO(J)eeBKa jryroBaa) SaKTepnanbHon KyubTypon nonBeHHbix mhk- 
poopraHH3MOB h nonHBa ryMHHOBbiMH npenapaTaMH Ha rniomafln Sojiee 400 ra [16 h #p.]. 
HccjieflOBaHHa noKa3ajiH [5], hto MnicpoSHbie acconnanHH Ha OTBanax 10 — 12-jieTHero bo3- 
pacTa 6jih3kh no cocTaBy k TaKOBbiM b ecTecTBeHHbix noHBax. B «MOJio#bix» noHBax 25- 

JieTHHX OTBajIOB, OCoSeHHO B nOACTHJIKe, OHH npaKTHHeCKH He OTJIHHaiOTCa OT 30HajIbHbIX 

noHB, HanpHMep, npHypoHeHHbix k XepHyHHHCKOMy, KepSnHCKOMy h ^pyrnM npHHCKaM. 

CyiHHOCTb npeflJiaraeMOH HaMH TexHOJiorHH 3aKjnonaeTca b npoBefleHnn Ha tcxhh- 
necKOM 3Tane pa3paBHHBaHna h nnaHnpoBKn noBepxHO cth OTBanoB, pbixneHHH noBepxHOCTH 
flHCKOBOH SopoHOH Ha rnySnHy KopHeoSnTaeMoro cnoa pacTeHnn, BHeceHHH yrojibHbix ot- 
xoaob, noceBe ceMaH 6o6oBO-3JiaKOBon TpaBOCMecH (KJieBep Sejibin + THMO(j)eeBKa Jiyro- 
Baa), GaKTeproanna KOTopbix ocyinecTBJieHa GaKTepnanbHon KyubTypon noHBemibix Mnicpo- 
opraHH3MOB, h nonHBe noceBOB ryMHHOBbiMH npenapaTaMH. 

B TeneHHe 2011 - 2013 rr. npoBe^eHa peBnsna peKyjibTHBHpoBaHHbix b 1988 r. 
nuomaflen b SbiBHieM KepSnHCKOM npnncice h ^encTByiomeM KopcJjobckom KaMeHHOM Kapb- 
epe. y CTaHOBJieHO , hto 3#ecb cc^opMnpoBajincb cjio>KHbie MHoroBH^OBbie cooGinecTBa. Toc- 
noflCTByiomee nojioaceHne 3aHHMaeT ^peBecHaa pacTnrejibHOCTb c coMKHyrocTbio flo 0,8 - 
0,9. IIpaKTHHecKH 3aBepuiHJiocb (J)opMnpoBaHne 4>HToneH03a no apycHOCTH n ero coMKHyro- 

CTH. ^OMHHHpyeT THnHHHO BTOpHHHaa TaOKHaa paCTHTeJIbHOCTb, nofl nojioroM KOTopon 

B03o6HOBJiaiOTca xBOHHbie nopoflbi. IIpoeKTHBHoe noKpbiTne cocTaBJiaeT #o 80 %. cDjiopn- 
CTHnecKHH cocTaB Sojiee pa3HOOo6pa3Hbin Ha peKyjibTHBHpoBaHHbix ynacTicax no cpaBHe- 
hhk) c HepeKyjibTHBHpoBaHHbiMH. PeKynbTHBanna no npeflJiaraeMon TexHOJiornn cnocoS- 
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CTBOBajia BOCCTaHOBJieHHK) nOHBeHHO-3KOJIOrHHeCKHX (jtyHKUHH, HTO n03BOJiaeT 34)(})eKTHBHO 

pa3BHBaTbca BceM KOMnoHeHTaM Hapymemibix skochctcm [15-16]. 

IlepcneKTHBHOH aBJiaeTca npeflJioaceHHaa hsmh TexHOJiorHa peKynbTHBanHH xbocto- 
xpaHHJiHm, coflepacamHx TOKCHHHbie OTxoflbi nepepaSoTKH MHHepajibHoro Cbipba, c ncnojib- 
30BaHHeM CMeniaHHoro KopoKOMnocTa H3 JieconpoMbinineHHbix otxoaob, HOBH3Ha KOTopoM 
noflTBepac/ieHa naTeHTOM PcD ot 10 hiojiji 2013 r. CymHOCTb ee coctoht bo BHeceHHH b cy6- 
CTpaT (TOKCHHHbie OTXOflbl) OHTHMajIbHOH fl03bl CMemaHHoro KopoKOMnocTa, KOTopaa nOflO- 
SpaHa 3KcnepHMeHTaiibHbiM nyreM hcxoas h3 caHHTapHO-3KOJiornHecKHx cbohctb cyScrpa- 
Ta h fl0CTH>KeHHa HaHBbicnieii npoflyKTHBHOCTH co3flaBaeMoro (})HToneH03a Ha noBepxHOCTn 

XBOCTOXpaHHJIHma. Ji,JlS 3TOrO CMeniaHHblH KOpOKOMnOCT H3 H3MeJIbHeHHOH KOpbl eJIH, JIHCT- 

BeHHHu,bi h 6epe3bi b pa3HOM KOJiHnecTBe BHOCHJica Ha noBepxHOCTb OTxoflOB. HaHJiynmne 
pe3yjibTaTbi (no SnoMacce) nojiyneHbi b BapHanre c BHecemieM CMemaHHoro KopoKOMnocTa 
b KOJiHHecTBe 30 % no/i 6o6oBO-3JiaKOByio TpaBOCMecb (ypo^KaiiHOCTb cocTaBHJia 218 n/ra) 
no cpaBHeHHio c flpyrnMn BapnaHTaiviH (Hanpnivtep, 10 n 20 %), hto xopomo bh^ho Ha pnc.2. 

B KOHTpOJie BCXOflbl OTCyTCTBOBaJIH. 




/],03a BHeceHna KOMnocTa, % 



□ OBCflHMi4a DK/ieBep □ JlncTBeHHHna Dl/l/ibM 



Phc. 2 - Bcxo>KecTb pacreHHH 

B Bapnanre c BHeceHneM 30 % CMemamioro KopoKOMnocTa coflep>KHTC» 
flOCTaTOHHoe KOJinnecTBO 3HepreTHHecKHx BemecTB (#o 40 % opraHnnecKoro MaTepnana) n 
nnTaTejibHbix BemecTB, ^to cnocoScTBOBano ycKopeHHon SnojiornnecKon nepepaSonce. 
IIpoH3oniJio CB33biBaHHe Ta>Kejibix MeTaiuiOB TOKCHHHbix OTxoflOB yraepoflOM 
opraHnnecKoro BemecTBa n HMMo6HJiH3anna ocHOBHoro nx KOJinnecTBa #o HeonacHbix 
npe^ejiOB. IIpeflJiaraeMaa TexHOJiorna aBJiaeTca Sonee 3(p(|)eKTHBHOH, TaK KaK no3BOJiaeT 
yBejiHHHTb npoflyKTHBHOCTb ncKyc CTBeHHoro 4 )HTOU . eH03a H OflHOBpeMeHHO yjiynniHTb 
caHHTapHO-3KOJiorHHecKne CBoncTBa cyScTpaTa 3a cneT H3MeHeHHH b HyacHbix 
HanpaBJieHnax penemypbi CMemaHHoro KopoKOMnocTa. OnbiT cmoKeHHa tokchhhocth 
otxoaob ropHopyflHoro npoH3BOflCTBa c noMombio CMemaHHoro KopoKOMnocra aBJiaeTca 
BecbMa nepcneKTHBHbiM. Oh no3BOJiaeT oGecnennTb SnaronpnaTHbie ycnoBna ^Jia 
BOCCTaHOBJieHHa jiecHon pacTHTejibHOCTH Ha TeppHTopnax, HapymeHHbix ropHO#o6biBaio- 
uihmh npeflnpnaTHaMH, ncnojib3ya ^ocTynHbie KOMnoHeHTbi, TaKne KaK Kopa xbohhbix h 
jiHCTBeHHbix ^peBecHbix nopofl, KOTopwe aBJunoTca jieconpoMbimjieHHbiMH OTxoflaMH. 

3K0H0MHnecKaa 3(p(})eKTHBHOCTb npeflJiaraeMon TexHOJiornn cocTaBJiaeT okojio 50 
Tbican py6nen c OflHoro reKrapa. 

PeKOMeHflau,HH Haxofljrrca b CTa^HH pa3pa6oTKH. 
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Hcnojib30BaHHe SnopeMeflHaHHH b npouecce npoBefleHHa peKynbTHBauHH HapymeH- 
Hbix 3eMenb, 3arpa3HeHHbix TOKCHHHbiMH Ta>KejibiMH MCTajiJiaMH , aBJiaeTca HanSojiee npe#- 
noHTHTejibHbiM no cpaBHeHHio c TpaflHUHOHHOH TexHOJiorHeM BCJieflCTBHe CBoeM 3KOJiorHHe- 

CKOH 6e30naCHOCTH, HH3KOH CeSeCTOHMOCTH pa60T H flOCTaTOHHO BblCOKOH 3(})4)eKTHBHOCTH. 

IIo3TOMy pa3pa6oTKa h BHempeHHe b npaierHKy 3(})(})eKTHBHbix TexHOJiorHH SnopeMeflHauHH 
noHBorpyHTOB, 3arpa3HeHHbix TM, KpaiiHe aKTyajibHa. 

B MapTe 2013 r. pa3pa6oTKa 6bma npeflcraBJieHa Ha Me>KflyHapoflHOH TexHHnecKOH 
apiviapKe b CaHKT-IIeTepSypre h yflocroeHa 30jiotoh Me^ajiH h flnnnoMa nepBoM CTeneHH 3a 
jiyHiiiHH HHHOBau,HOHHbiH npoeKT h jiyHinyio HayHHO-TexHHHecKyio pa3pa6oTKy 2013 ro^a. 
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THE SOCIAL VALUE OF MINERAL 
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DEVELOPING 



AHHomauun: 

PaccjuompeHa odu^ecmeeHnan ifeHnocmb Mune- 
pcuibHo-cbipbeebix pecypcoe Pecny6nuKu Komu. 
TIoKa3aHo 3HcmeHue zopnopydnou ompacnu e 
(popMupoeanuu eHympennezo pezuonanbHozo npo- 
dyKina, nanozoebix nocmynjienuu. IJpueedeHbi pe- 
3yjibmambi cmouMOcmnou oueHKU necpmu, zasa, 
yzjin, doKcumoe u dpyzux none3Hux ucKonaeMbix e 
Hedpax. BbideneHbi ocHoenue MunepanbHo- 
cbipbeebie y3Jibi, npedcmaenniou^ue co6ou uenmpu 
3KOHOMmecKozo pocma. 

Kmoneebie cuoea: Pecny6jiuKa Komu, ne(pmb, za3, 
yzojib, odufecmeeHHaH u,enHocmb, MimepaJibHo- 
cbipbeebie ymu. 



Abstracts: 

The social significance of Komi Republic mineral 
resources is considered. The importance of the 
mining industry in the formation of domestic re- 
gional product and tax revenues is shown. The re- 
sults of the valuation of oil, gas, coal, bauxite, and 
other mineral resources are given. Major mineral 
resources areas representing the centers of eco- 
nomic growth were distinguished. 



Key words: Komi Republic, oil, gas, coal, social 
value, mineral resources areas. 



3HaHHTejibHaa nacTb MHHepajibHO-CbipbeBbix pecypcoB cocpeflOToneHa b npeflenax 
ceBepHbix TeppHTopHH. IIpoGjieMbi, npHopjrreTbi, (hopMbi ocBoemui 3thx TeppnropHH 06- 
cyacflaiOTca b TeHemie MHornx neT [1 — 4 h ,np.]. PecnyGjiHKa Komh xapaKTeproyeTca 3HanH- 
TejibHbiM MHHepajibHO-CbipbeBbiM noTemiHanoM [5 — 7 h #p.]. B HacToamee Bpeivta pa3pa6a- 
TbiBaiOTca MecTopoac^eHHa Hec|)TH, ra3a, yraa, Sokchtob, CTpoHTenbHbix MaTepnajiOB . Bivie- 
CTe c 3thm cymecTByeT iiejibiH pa^ npoGjieM, Kacaiomnxca npnpocTa 3anacoB, noHCKa hobbix 
MecTopoacfleHHH h BOBJieneHHa b xo3aHCTBeHHbiH oSopoT y)Ke pa3Be#aHHbix MecTopo^eHHH 
iienoro pafla nojie3Hbix HCKonaeMbix. 

CjrryanHa ocnoacHaeTca ocoSchhoctjimh, xapaKTepHbiMH ceBepHbix TeppHTopHH: 
cypoBOCTb KJiHMaTa, HH3Kaa nnoTHOCTb HaceneHHa, Hepa3BHT0CTb HHchpacTpyierypbi, b nacT- 
hocth TpaHcnopTHOH, noBbiuieHHbie pacxoflbi Ha npoH3BOflCTBO, c neivt CTanKHBaeTca Ka>K- 
flbift HHBecTop b xorq CBoeM ^eaTejibHOCTH. Bee nepenHCJieHHbie ocoGchhocth BbipaacaiOTca 
b flonojiHHTejibHbix paexoflax, HanpaMyio bjihjui Ha BenHHHHy skohomkhcckoh 3(h(heKTHBH0- 

CTH H BbIHy>Kflaa HHBeCTOpOB CHH)KaTb H3flep5KKH BCeMH flOCTyTIHblMH CnOCoSaMH. HTOrOM 

aBJiaeTca jihSo noTpeSHrejibcicoe OTHomeHHe k TeppHTopmiM, xapaKTepH3yiomeeca Henon- 
hmm H3baTHeM nojie3Hbix KOMnoHeHTOB , jihSo 0TKa3 ot peajiH3au,HH npoeKTOB. B pe3yjibTaTe 

Mbl HMeeM TeppHTOpHH C H3b3TbIMH BblCOKOpeHTaGeJIbHblMH nOJie3HbIMH HCKOnaeMblMH, 

npoSjieMbi 3KOJiorHHecKoro xapaierepa, BbiCBoSo^emibie Tpy^OBbie pecypew. 

UpoHecc ocBoemtti TeppHTopHH mo>kho onpeflenHTb KaK CHCTeivty OTHomeHHH Me>Kfly 
cySbeKTaMH HHBecTHiiHOHHbix npoueccoB, HanpaBJieHHbix Ha flocTidceHHe HeKOTopwx pe- 
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3yjiKraT0B. CyGteKTbi MoryT SbiTb noflpa3flejieHbi Ha 3 rpynnbi, Ka^aa H3 kotopmx xapaic- 
TepH3yeTca cbohmh coScTBemibiMH uejiaMH b paMKax skohomhhcckhx nponeccoB: 

umecmop - nacTHbiM hjih rocyflapcTBemibiH Kanm-an. 0>KHflaeT nojiyneHiui npnSbuiH 
Ha BJioaceHHbie hm cpe#CTBa no onpe#ejieHHOH craBKe aoxoahocth; 

pezuon KaK oSniecTBeHHbiH HHCTHTyT. Uejib ero mtokct SbiTb ccpopMyjinpoBaHa KaK 
C03flaHHe cpeflbi, cnocoScTByiomeH npHBJieneHnio h HapamnBaHnio pecypcHOH 6a3bi; 

Hacenenue xapaKTeproyeTca CTpeivuieHHeM k CTaSHJiHBannH CBoero connajibHoro nojio>Ke- 
hhh, oflHaKO flaHHaa nejib BecbMa pa3HonjiaHOBaa h 3aaiy>KHBaeT OTflejibHoro HCCJieflOBaHHa. 

TaKHM o6pa30M, pe3yjibTaTOM ocBoeHna TeppnTopHH Moacei" 6biTb 3(p(peKT KOMMepne- 
ckhh - HHTepecw HHBecTopa h oSmecTBeHHbiH - HHTepecbi peraoHa (ciofla >Ke b ycpe/nieHHOH (pop- 
Me BioiiOHaiOTca HHTepecbi HaceneHHa). Ilofl oSinecTBeiiHbiM 3(p(peKTOM 6y#eM noHHMaTb nponeccw 
cnocoScTByioinHe paBBHTHio 6a3bi peraoHaubHbix pecypcoB, BOBJieKaeMbrx b xo3ancTBeiiHyio flea- 
TenbHOCTb, npn stom HeoSxoflHMO BbmejieHHe Beflymen OTpacnn pernoHajibHOH skohomhkh ^Jia 

OHeHKH flHHaMHKH pa3BHTH3 peCypCOB, BOCipeGOBaHHblX HMeHHO eiO. IIO HaHieMy MHeHHK), 

flaHHyio OTpacnb nejiecoo6pa3HO Bbmejiaib no pa^y KpHTepneB: oSbeM ee b BanoBOM peraoHaub- 
hom npoflyicre, HHCJieHHOCib BOBJieneHHbix ipy/iOBbix pecypcoB, o6beM HanoroBbix nocTyiuieiiHH, 
oSecnenHBaeMbix OTpacnbio b 6iOflaceT pernoHa. 

B CTpyKType BanoBoro pernoHanbHoro npo#yicra Pecny&iHKH Komh (PK) floGbria nojie3- 
hwx HCKonaeMbix cocTaBJiaeT okojio 35 % (pnc. 1). 



rip onee, 13,90% 



OnTOBaa n poaHHHHaa ToproanH 
nap.. 5,51% 

rocyjxapcxBeHHoe ynpaBJieirae ii 
o6ecneneHne BoeHHoft 
6e3onacHocxii; o6s3aTejibHoe 
cormanLHoe oeecne^eroie. 5.53% 

Onepamm c hcjibidkhmejIm 
HMymecTBOM, apeHna, 
npenocTaBJieHHe ycnyr. 7.4Q°/c 



TpaHcnopx h 

CB5L3L. 9.08% 




71o6bi l ia 
nouesHbix 
HCKonaeMbix. 
35,11% 



O 6p aSaTMB aiomiie 
npoiiaBOiicTBa. 

9.98% 



TpOIITeJIbCTBO, 

13.51% 



Phc. 1 - CipyKTypa BanoBoro perHOHanbHoro rrpo^yKTa Pecny6jiHKH Komh b 201 1 r. 

no BHJjaM 3KOHOMHHeCKOH fleJITeJlbHOCTH 

Bojibmoe 3HaneHHe HMeiOT HauoroBbie OTHHCJieHna ot aoSmhh nojie3Hbix ncKonae- 
mwx, nepenncjiaeMbie b (peflepajibHbiii n pecnySjinicaHCKHH SioaaceTbi. B 2012 r. b (pe^e- 
panbHbiH GiOflaceT nepenncjieHO 51877 mjih py6. B ochobhom sto HanorH Ha floSbiny Hecp™ 
h ra3a (46992 mjih py6.) n, b MeHbmen creneHn, yrna (4442 mjih py6.). B pecnySjinicaHCKHH 
6iOfl)KeT nepenHCJieHO 381 mjih py6. BaacHyio pojib b (popMnpoBamiH pecnySjinicaHCKoro 
6iOfl)KeTa, KOHenHO, nrpaiOT apyrne HajioroBbie othhc JieHna , nporoBOflainneca aoSbiBaio- 
iijhmh npeflnpnaTHaMH, b nacTHOCTn, Hajiorn Ha npnGbuib n HMymecTBO opraHH3 anHH, Ha 
coBOKynHbiH floxofl. Ha pnc. 2 noKa3aHa CTpyKTypa HanoroB, ynjianeHHbix b PecnySjinice 
Komh b 2012 r. b SiOflaceTbi Bcex ypoBHen. Hanor Ha aoSbiny nojie3Hbix HCKonaeMbix co- 
CTaBJiaeT 43 % n 3HannTejibHO npeBoexoflHT ^pyrne bh^m HanoroB. 
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,AKqH3hi, 6% 



flpyme Hanora, 



7% 



Hanoi - Ha 
3o6aB,neHH\io_ 

CTOHMOCTb, ll^'o 



Han or Ha 

n,o6biHy 
no.iejHbix 



HCKonaeMbix. 43 % 



Hauor Ha 
npHSbiJib 



opraHtnauHH, 
15% 



Hanor Ha 



aOXOflbl 
(J)H3HHeCKHX 
J1HU. 1 8% 



Phc. 2 - CipyKTypa HanoroBbix nocTynjieHHH (pecrryGjiHKaHCKHH h (JienepanbHbiH Gio/pKeTM), 

ynjiaHeHHbix b Pecrry6jiHKe Komh b 2012 r. 

CpeflHecnncoHHaa HHCJiemiocTb paSoTHHKOB PK b noaneflHne roflbi KOJieSneTca b 
npeflenax 382,9 - 398,7 tbic. Hen., 3aiuiTbix HenocpencTBemio b oSjiacra aoSmhh nojie3Hbix 
HCKonaeMbix 25,5 - 32,5 twc. nen., hto cocTaBJiaeT okojio 7 — 8 %. IlpH 3tom kojihhgctbo 
paSoTHHKOB, KOCBeHHO CBa3aHHbix c ^o6biHeH nojie3Hbix HCKonaeMbix, 3HaHHrejibHO Bbinie. 
CyMMapHO HanSojiee MHoroHHCJiemibiMH aBJiaKxrca npennpHaTna, 3aHHMaiomHeca noSbiHeii 
HecJ)TH h ra3a, npenocTaBJiefflieM ycjiyr b 3toh oSnacTH, HecKOJibKO HH>Ke kojimhcctbo 3aHa- 
tmx Ha yrjiefloSbiBaiomHx npeflnpnaTHax. 

CpeflHeMecaHHaa 3apa6oTHaa nnaTa paSoTHHKOB noSbiBaiomHx npennpiiaTHH, oco- 
SeHHO npeflnpnaTHH Hec})Tera30Boro KOMnneKca, npeBbiniaeT cpenmoio 3apa6oTHyio miaTy b 
pernoHe b 1,5-2 pa3a. YnHTbiBaa Sojibinoe KOJinnecTBO paSoranKOB, npaMO hjih kocbchho 

3aH3TbIX B TOpHOpyflHOH OTpaCJIH, flOBOJIbHO BblCOKHM OKa3bIBaeTC» HajIOr Ha flOXOflbl (})H3H- 

necKHx jihii,, OTHHCJiaeMbiM b pecnySjiHKaHCKHH 6iOfl>KeT. 

B TaSji. 1 npeflCTaBJieHbi pe3yjibTaTbi ctohmocthoh oneHKH MHHepanbHO-CbipbeBbix 
pecypcoB, Haxoflannixca b Henpax PecnySjiHKH Komh, BbinojiHeHHOH HaMH b cootbctctbiih c 
cymecTByiomHMH MeTOflHHecKHMH pa3pa6oTKaMH no TpeM KaTeropnaM: SoraTCTBO Henp 
(HBH), BOCTpeSoBaHHoe SoraTCTBO Henp (BHBH) n MHHepanbHO-CbipbeBOH noTeHnnan 
(MCIIBH) [8]. CoraacHO nojiyHeHHbiM namibiM, cyMMapHaa CTOHMOCTb 3anacoB pa3JiHHHbix 
nojie3Hbix HCKonaeMbix b Henpax (HBH) cocTaBJiaeT 23452 MJipn py6. H3 hhx HanSojibinyio 
CTOHMOCTb HMeiOT 3anacw He(J)Tn n ra3a, nanee cnenyiOT yroiib, KaMemiaa conb, THTaH, pen- 
Kne n peflK03eMejibHbie MeTamibi, Sokchtw, 30jioto h np. K nncny BOCTpeSoBamibix none3- 
Hbix HCKonaeMbix, HaxonainHxca b pacnpenejiemiOM (|)OHfle Henp, othocstcji He(})Tb, ra3, 
yronb, SoKCHTbi. CyMMapHaa CTOHMOCTb BOCTpeSoBamibix 3anacoB cocTaBJiaeT 13878 MJipn 
py6. 

CTeneHb BOCTpeSoBamiocTH 3anacoB He(J)TH cocTaBJiaeT 91 %, ra3a 75 %, Sokchtob 61 %. 
BocTpeSoBaHHOCTb 3anacoB yrjia no cpaBHeHHio c He(|)Tbio h ra30M OTHOCHTejibHO HeSojib- 
maa (23 %). Ycjiobho BOCTpeSoBamibiMH mo>kho cnnraTb THTaHOBbie, MapraHneBbie pyflw, 
30jioto (MecTopoMCfleHHa HaxoflaTca b pacnpeflejiemiOM (J)OHfle Henp, ho noSbiHHbie paSoTbi 
He npoBOflaTca). He BOCTpeSoBaHbi paHee pa3pa6aTbiBaBmneca MecTopo^eHHa KaMeHHOH 
conn h SapHTOB, xoTa npH SjiaronpHjrraoH pbiHOHHon KOHBiOHKType noSbiHHbie paSoTbi MO- 
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ryT SbiTb B03o6HOBJieHbi. K HHCJiy HeBOcrpeSoBaHHbix OTHOcaTca TaKMce BaHa^HH, pe^ioie h 
peflK03eMejibHbie MeTanjibi. B cpeflHeM BOcrpeSoBaHHOCTb 3anacoB nojie3Hbix HCKonaeMbix 
pernoHa cocraBJiaeT 59 %. 



Ta6jiHu,a 1 

CTOHMOCTHaa ouciiKa ochobhux bh u>b MHHepajibHO-CbipbeBbix pecypcoB 
b Heapax PecnySjiHKH Komh, MJipa py6. 



Ilojie3Hbie HCKonaeMbie 


BHBH 


HBH 


MCnBH 


CrerreHb boc- 
Tpe6oBaH- 

HOCTH, % 


CrerreHb 
pa3Be#aH- 

HOCTH, % 


Hetjyrb 


11487 


12596 


23963 


91 


53 




335 


448 


733 


75 


61 


YroJib 


1784 


7848 


41924 


23 


19 


THTaH 


191* 


666 


1149 


29 


58 


BaHa^HH 


0 


14,8 


14,8 


0 


100 


MapraHiieBbie py^bi 


1,9* 


1,9 


9,8 


100 


19 


}Kejie3Hbie pyzibi 


0 


0 


8,9 


0 


0 


XpoMOBbie py^bi 


0 


0 


0,5 


0 


0 


BOKCHTM 


75 


111 


189 


66 


59 




0 


0 


28,8 


0 


0 


Cbhhcu 


0 


0 


8,7 


0 


0 


H.HHK 


0 


0 


0,3 


0 


0 


MojinGfleH 


0 


0 


10 


0 


0 


Bojib(j)paM 


0 


0 


4,4 


0 


0 


MbiuibaK 


0 


0 


0,2 


0 


0 


30JIOTO 


2,3* 


50 


288 


0,05 


17 


Cepe6po 


0 


0 


7 


0 


0 


BapHT 


0 


9 


62 


0 


15 


CoJib HarpneBaa 




1702 


3265 


0 


52 


C0JIb KailHHHO- 


0 


0 


3295 


0 


0 


MarHHeBaa 












H,eojiHTbi 


0 


0 


1364 


0 


0 


O0C(j)0pHTbI 


0 


0 


30 


0 


0 


IleCOK CTeKOJIbHblH 


1,9* 


5,7 


10 


33 


57 


HToro 


13878 


23452 


76365 


59 


31 



npHMenaHHe: 



BHBH - BOCTpe6oBaHHoe HanHOHajitHoe 6oraTCTBO neup: 3anacti none3HBix HCKonaeMtix (icaTeropHH A, B, Ci 
,Ci), HaxoflflmHeca B pacnpe^eneHHOM (jxiHjie He^p; HBH -HauHOHajitHoe 6oraTCTBo He^p: 3anacti nojie3Htix 
HCKonaeMtix (KaTeropHH A, B, Ci ,Ci); MCnBH - MHHepajiBHo-ctipteBOH noTeHHHaji: 3anacti h pecypcti (ica- 
TeropHH PI h P2) nojie3Htix HCKonaeMtix. 3tiaKOM * oTMeneHti ycnoBHo BocTpe6oBaHHtie none3Htie Hciconae- 
Mtie, HaxoxiJiinHec 51 B pacnpezieneHHOM (jxmxie Hexip, ho b Hacrojimee Bpeivm He zio6i>iBaiomHecfl. CreneHt boc- 
Tpe6oBaHHOCTH 3anacoB h CTeneHt pa3BeziaHHOCTH nepcneKTHBHtix njioma^en — OTHOCHTentHtie noica3aTeJiH, 
npezicTaBJiaiomHe co6oh, cooTBeTCTBeHHo, .hojiio BocTpe6oBaHHtix 3anacoB b o6meM KOJinnecTBe 3anacoB, 
CKOHHeHTpnpoBaHHBix Ha TeppHTopHH, h ^onio 3anacoB KaTeropHH A, B, Ci, Ci b o6meM KonHHecTBe pecypcoB 
h 3anacoB TeppHTopHH. B cnynae npnpocTa pecypcHOH 6a3ti b xoxie reonoropa3BeziOHHL>ix pa6oT, /taHHtie noKa- 

3aTeJIH flOJDKHBI 6i>ITL> CKOppeKTHpOBaHBI. 

CyMMapHaa CTOHMOCTb 3anacoB h pecypcoB nojie3Hbix HCKonaeMbix, OTpa>Kaiomaa 
MHHepajibHO-CbipbeBoil noTemrHaji pernoHa, 3HaHHTejibHO Bbinie, HeM CTOHMOCTb SanaHCO- 
bmx 3anacoB. OSpamaeT Ha ce6a BHHMaHHe to, hto Ha nepBoe MecTO 3#ecb bbixoaht yronb, 
pecypcw h 3anacw KOToporo b ctohmocthom Bbipa>KeHHH HaMHoro npeBbiniaiOT pecypcbi h 
3anacw He(J)TH h ra3a. CTeneHb pa3BeflaHHOCTH nepcneKTHBHbix njiomafleH b cpe^HeM no 
p a3 JiHHHbiM BHflaM nojie3Hbix cocTaBJiaeT 31 %. OcoSoro BHHMaHHa 3acjiy>KHBaiOT MecTO- 
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poK^eHHa pyfl c KOMnneKCHbiM xapaKTepoM. B heicthocth, b GoKcnrax Beacaio- 
BopwKBHHCKOH rpynnbi MecTopo>KfleHHH CTOHMOcmaa flona HeBOCTpeSoBaHHbix BaHa^Ha h 
ranjiHa cocTaBJiaeT 18 %. 

B cbji3h c npoSneiviaMH ocbochhh MHHepajibHO-CbipbeBbix pecypcoB Gojibinon Hnre- 
pec npeflCTaBJiaeT reojioro-3KOHOMHHecicoe paMoHnpoBaHHe pernoHa, BbiaBJieHne npocTpaH- 
CTBeHHbix coneTaHHH paBJiHHHbix none3Hbix HCKonaeMbix. HaMH Bbi^ejieHbi ochobhwc mh- 
HepanbHO-CbipbeBbie y3Jibi, npeflCTaBJunomne coSon jioKanbHbie rniomafln c 6jih3ko pacno- 

JITOKeHHblMH MeCTOpOaCfleHHSMH nOJie3HbIX HCKOnaeMblX, fleHCTByKHnHMH floSblBaiOmHMH H 

nepepa6biTbiBaiomHMH npeflnpnaTHJiMH (pnc. 3). IIo CTeneHH ocbochhocth hx mo)kho pa3- 
flenHTb Ha npoMbinineHHO pa3BHTbie, nacTHHHO pa3BHTbie h noTeHnnajibHO npoMbinuieHHbie, 
a no pa3HOo6pa3HK) MHHepajibHO-CbipbeBbix pecypcoB - Ha npocTbie (MOHOCbipbeBbie, 
HanpHMep, HecpraHbie hjih yronbHbie) h cuoacHbie, hjih KOMiuieKCHbie, b npe#ejiax KOTopbix 
cocpeflOToneHbi MecTopoacfleHna pa3JiHHHbix nojie3Hbix HCKonaeMbix (/raGji. 2). 

K npoMbiniJieHHO pa3BHTbiM HaMH OTHeceHbi y3Jibi c pa3pa6aTbiBaiomHMHca MecTO- 
poacfleHHaMH nojie3Hbix HCKonaeMbix. ripoK^e Bcero 3to He(|)Tera30Bbie y3Jibi: Ychhckhh, 
rienopcKHH, Yxthhckhh, ByKTbiubCKHH. OcHOBHbiM H3 hhx aBJiaeTca Ychhckhh y3en, Ha 
AOJiio KOToporo npHxoflHTca okojio 65% ot oGmero oSbeivia #o6biBaeMOH b pecnySnrace 
HecJ)TH. OcoSoe 3HaneHHe HMeeT Yxthhckhh y3eji. B ero npeflejiax HMeiOTca HecpTJiHbie Me- 
CTopo>KAeHHa, npeflnpnaTHa He(|)Te- h ra3onepepa6oTKH. Taicace xopouio H3BecTHO .HpercKoe 
MecTopoac/ieHHe, aBJunomeeca KOMnneKCHbiM He(J)Te-THTaHOBbiM, no 3anacaM THTaHa otho- 
cameeca k KpynHenniHM b Pocchh. 
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Phc. 3 - OcHOBHbie MHHepanbHo-cbipbeBbie y3Jibi Pecny6jiHKH Komh: 

1 - npoMBiiuneHHo pa3BHTtie (/io6tiHa h nepepa6oTKa nojie3Hbix HCKonaeMtix), 
2 - npoMbinineHHO pa3BHTbie (zio6tma none3Htix HCKonaeMtix), 
3 - nacTHHHO npoMbinineHHO pa3BHTtie, 4 - noTemiHajibHO npoMBinuieHHtie 
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TaSjiniia 2 

OcHOBHbie MHHepajibHO-cwpbeBbie y3Jibi PecnySjiHKH Komh 



MHHepajitHO- 
ctipteBOH y3en 


AHMHHHCTpaTHB- 

hbih paiioH 


none3Htie 
HCKonaeMtie 


MecTopo>KjieHHH, 
npoHBneHHH 


YCHHCKHH 


YCHHCKHH 


Hecj)Tb 


YcHHCKoe, Bo3eHCKoe, 
BepxHe-Bo3eHCKoe h pp. 


ByKTMJIbCKHH 


ByKTMJIbCKHH 


Ta3 


ByKTbiJibCKoe 


YXTHHCKHH 


YXTHHCKHH 


He<j)Tb, THTaHOBMe py- 
AM, pe/jKHe h peaK03e- 
MCJibHMe MeTajiJiM 


^IpercKoe, nauiHHHCKoe, 
3anaAHo-T36yKCKoe h #p. 


IleHOpCKHH 


IleHOpCKHH 


He<J)Tb 


KbipTaejibCKoe, Boctohho- 
CoTHeMbio-TajibiHiocKoe 


BopblKBHHCKHH 


KraDKnoro ctckhh 


BOKCHTM, BaHa^HH, 

raiuiHH 


BopbiKBHHCKaa rpynna 

MeCTOpO>KACHHH 


IllDKeMCKO- 

HneTbiocKHH 


YXTHHCKHH 


THTaH, 30JIOTO, pe^Ko- 

3eMejibHbie MeTajuibi 


nroKeMCKoe, HneT-K) h jip. 


KDaCHOTHMaHCKHH 


YCTbKyjIOMCKHH 


Bokchtm, cepa 


BojibCKaa rpynna MecTO- 
poacAeHHH, flo3MepcKoe 


BopKyTHHCKHH 


BopKyTHHCKHH 


Yrojib 


BopKyTCKoe 
BopraniopcKoe h AP- 


EHraHeroncKO- 

MaHHTaHLipflCKHH 


BopKyTHHCKHH 


30JIOTO, 

KaojiHHHT-KBapneBoe 
cbipbe, Me/jHbie pyzjbi 


HnaiocKoe, HnaxoHCKoe, 
Hna, CaypnnencKoe 


XOHJIHHCKO- 

JlaropTHHCKHH 


BopKyTHHCKHH 


BapHTM, xpoMOBbie py- 
AM, Me^Hbie py^M 


XonjiHHCKoe, Kennejib- 
CKoe, Majno£Bo>KCKoe h 
jsp. 


Hhthhckhh 


Hhthhckhh 


Yrojib 


HHTHHCKOe, Ko^CHMCKOe H 

jsp. 


Ko>KHMCKHH 


Hhthhckhh 


MapraHHeBbie pynbi, 

aCHJIbHMH KBapH, 
ropHMH xpycTajib, 30- 

JIOTO, MCAHbie H CBHH- 

HOBo-HHHKOBbie py^M 


napHOKCKoe, }KejiaHHoe, 
TaBpoTa, ^yAHoe, Kocb- 

lOHCKOe, Ko>KHMCKOe n jsp. 


Bbmero^CKHH 


KraDKnoro ctckhh 


CoJib HaTpneBaa:, 
KBapHeBbie necKH 


CeperoBCKoe, ^epHOKypKa 


BepxHenenopcKHH 


TpOHHKO- 

nenopcKHH 


C0JIb K3JIHHH0- 

MarHHeBaa 


BepxHenenopcKaa njio- 
ma#b 


ToproBCKHH 


ByKTMJIbCKHH 


B ojib(j)p aM-MOJiH6zieH- 
BHCMyTOBMe py#M 


ToproBCKoe 



IIpoMbimjieHHO pa3BHTWMH aBJiaiOTca BopKyTHHCKHH h Hhthhckhh y3Jibi, xapaKTe- 
pH3yK>mHeca yrcmbHOH cneiniajiroairHeH. Bojibuioe 3HaHemie HMeeT Bopmkbhhckhh y3eji Ha 
CpeflHeM THMaHe, BKJiiOHaiomHH hcckojibko Sokchtobwx MecTopo>KfleHHH, HeKOTopbie H3 
kotopmx pa3pa6aTbiBaiOTca. K nacraHHO pa3BHTbiM OTHOcaTca Ko>khmckhh (>Kejie30- 
MapraHu,eBbie pyflw, MeflHbie pyflw, 30jioto, ^hjibhmh KBapii) h XoHJiHHCKo-JIaropTHHCKHH 
(SapHTbi, xpoMOBbie pyflw) y3Jiw. 

KpoMe nepenHCJieHHbix, mo>kho Bbi^ejiHTb erne u,ejibiH pa^ noTeHu,HajibHO npoMbini- 
jieHHbix MHHepanbHO-CbipbeBbix y3JiOB: EHraroneHCKO-MaHHTaHbrpflCKHH (30jioto), IIh- 
aceMCKo-HneT-biocKHH (THTaHOBbie pyflw, 30jioto, pe#K03eMejibHbie MeTajuibi, anMa3bi), 

KbIBBO>KCKHH (30JIOTO), ToprOBCKHH (BOJIbCppaM - MOJIHSflCH - BHCMyT), K)>KHOTHMaHCKHH 
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(Sokchtm), BepxHenenopcKHH (icajiHHHbie h KajiHHHO-ManiHeBbie cojih) h np. B YnopcKOM, 
CbicojibCKOM, KaMropoflCKOM paftoHax HMeiOTca MecTopo>KneHHa ropionnx cnaHueB. 

B nepcneKTHBe njiaHHpyeTca peajiH3au,Ha p»na icpymibix HHHOBainiOHHbix npoeKTOB, 
k KOTopwM OTHOCHTca C03flaHHe CocHoropcKoro 6oKCHTO-rjiHH03eMHoro KOMnneKca, .Hper- 
CKoro ropHO-xHMHnecKoro KOMiuieicca, B03o6HOBJieHHe noSbiHHbix paSoT Ha CeperoBCKOM 

MeCTOpO>KfleHHH KaMeHHOH COJIH, XOHJIHHCKOM MeCTOpO>KneHHH SapHTOB, OCBOeHHe Ychh- 

CKoro h CeHflHHCKoro yrojitHtix MecTopoacneHHH, 3aBepnieHHe CTpoHTejibCTBa chctcmm Ma- 
rncTpajibHbix ra3onpoBOflOB BoBaHeHKOBa - YxTa - Top>KOK. 

TaKHM o6pa30M, noSbiBaiomHH ceKTop aBJiaeTca 6a30BbiM b PecnySjiHKe Komh h 
HeceT b ce6e orpoMHbiii eme He peajnooBaHHbiH noTeHHHan oSmecTBemiOH hchhocth, npen- 
CTaBJiaiomeH coSoh coBOKynHOCTb pecypcoB, oSecnenHBaiomHx ycTOHHHBOCTb npoHBBOfl- 
CTBeHHbix npoueccoB b 3KOHOMHKe peraoHa. OnHaico b HacToamee BpeMa HHCJiemiocTb 
HaceneHHa pecnySjiHKH, b tom HHCJie b npoMbinuieHHbix paMoHax, xapaKTeproyeTca TeHneH- 
uneM k coKpameHHio. GnaSo pa3BHTa nepepaSoTKa nojie3Hbix HCKonaeMbix, ocHOBHbie (})oh- 
flbi xapaKTepH3yiOTca nocTaTOHHO bmcokoh CTeneHbio H3HOca. 

Ha Hani B3rji>m, HeoSxoflHMO ynejiHTb ocoSoe BHHMamie 4)opMHpoBaHHio perno- 
HanbHOH npoMbiniJieHHoii iiojihthkh, BKJHonaiomeH nnaHbi ocbochhh TeppHTopHH Ha 
cpeflHe- h flOJirocpoHHyio nepcneKTHBy h ynHibiBaiomeH HeoSxonHMOCTb painiOHanbHoro 
Heflponojib30BaHHa (b tom HHCJie npocipaHCTBeHHoe coHeTamie pa3JiHHHbix nojie3Hbix hcko- 
naeMbix). B3aHMOfleHCTBHe npennpHHTHH b xo#e ocBoemia MHHepanbHO-CbipbeBbix y3JiOB 

MO>KeT B 3HaHHTeJIbHOH Mepe CnOCoScTBOBaTb pa3BHTHK) HH(J)paCTpyKTypbI, B TOM HHCJie, 

npoKJia^Ke nopor, opraHH3au,HH CKJia^cKHx noMemeHHH h nepeBanoHHbix 6a3, Sojiee acj^eic- 
THBHOMy Hcnojib30Baimio TpaHcnopTa. 

Hpe3BbiHaiiHO aiayajibHa pa3pa6oTKa rocynapcTBemiOH CTpaTerrai ocBoeHHa ceBep- 
hmx TeppHTopHH, H3MeHeHHe HajioroBOH nojiHTHKH, b nacTHOCTH, yBejiHHeHHe pecnySjm- 
KaHCKOH flOJiH HajioroB Ha noSbiny nojie3Hbix HCKonaeMbix, npenpcTaBJieHHe (})HHaHCOBbix 
B03MO>KHOCTeH npennpHaTHaM fljia npoBefleHHa reojioropa3BeflOHHbix, TexHOJioranecKHX h 
HayHHO-HCCJieAOBaTejibCKHx paSoT, co3naHHe SjiaronpHHTHbix ycjiOBHH pjm peanHBainiH hh- 

BeCTHHHOHHblX npoeKTOB. 
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ECONOMIC AND TECHNOLOGICAL 
SOLUTIONS TO IMPROVE THE MIN- 
ING STOCKS PREPARATION TO IN- 
TENSIVE DEVELOPMENT 



Annomauun: 

B dannou cmambe paccMompenu 3kohomuko- 
mexHOJiozmeCKue peuienun no coeepiuencmeoea- 
huw nodzomoemi 3anacoe k UHmencueHou ompa- 
6oniKe. Pa3pa6oniKa dnuHHbiMU naeaMU mjinemcR 
npednoumumeJibHbiM juemodoM e yzojibnou npo- 
MbiuuieHHocmu dun MaKCUMU3au,uu npou3eodcmea 
u u3ejieneHun 3anacoe yznn. TlpoananmupoeaHbi 
omoeHbie cpaKmopbi, ynumueaeMbie dun yeenme- 
huh dnuHbi onucmuozo 3a6on. Ha ocnoee npoee- 
deHHozo uccjiedoeaHUR aemopoM onpedenenu 
ycjioeun, Heo6xoduMbie dun onmuMU3au,uu nodzo- 
moeKU 3anacoe dnuHHbiMU onucmnuMU 3a6onMU, 
no3eojifitoujue coKpamumb KOJimecmeo yzneomxo- 
doe. B cmambe paccMompenu pa3iimHbie cmopo- 
hu dm oOocHoeamiH npoeKmnux peuienuu u pe- 
uienuH mexHimecmix npoBneM. 

Kimueebie moea: duuHHbiu omicmnou 3a6ou, cu- 
cmema pa3pa6omiai, Bocmonnbiu ffoHBacc 



Abstract: 

This article considers economic and technological 
solutions to improve the efficiency of reserves re- 
covery to intensive development. Longwall mining 
is the preferable method in coal mining to maxim- 
ize production and reserves recovery. This article 
analyzes the main factors considered for increasing 
longwall panel width. In terms of performed re- 
search the author has identified the required condi- 
tion for optimization reserves recovery by longwall 
faces, resulting in a reduced amount of coal 
wastes. This article discusses the aspects for design 
considerations and solutions of technical problems. 



Keywords: longwall face, mining system, East 
Donbass 



KaK noKa3biBatOT HCCJieflOBaHHa, npoBefleHHbie Ha uiaxTax Boctohhoix) ,H,OH6acca 
[1], ocHOBHoe BJiHaHHe Ha (JjopMHpoBaHHe yrjieoTxoflOB npn nofl3eMHOH pa3pa6oTKe MecTO- 
poacfleHHH OKa3biBaiOT ohhcthmc ropHbie paSoTbi (65 - 70 %), noflroTOBHTejibHbie h peMOHT 
Bbipa6oTOK flaiOT b cyMMe 30 - 35 %. 

OflHHM H3 HanpaBJieHHH CHH>iceHHJi oSbeivta yrjieoTxoflOB aBJiaeTca yicpynHeHHe pa3- 
MepoB BbieMOHHbix nojien npn hx Hape3Ke 3a cneT yBejinneHHa fljiHHbi ohhcthmx 3a6oeB. 
3to no3BOJiaeT noBbiCHTb KoacpcpHiiHeHT Hcnonb30BaHHa MecTopoacfleHHa, npn yMeHbinemiH 
HHCJia noflroTOBHTejibHbix BbipaSoTOK, CHH3HTb noTepn, coKpaTHTb noTpe6HOCTH b njioma- 
flax h BcnoMoraTejibHbix uiaxTHbix coopy^emiax. 

IlpoSjieMOH yBejiHneHHa /iJiHHbi OHHCTHoro 3a6oa yneHbie h npoH3BOflCTBeHHHKH 
HananH 3aHHMaTbca eme bo BTopon nojiOBHHe XX BeKa (CCCP h ^pyrne yrjieflo6biBaiomHe 
CTpaHbi). TexHOJiorHHecKHMH cxeMaMH pa3pa6oTKH miacTOB Ha yronbHbix niaxTax [2] 
npeAycMaTpHBajiocb H3MeHeHHe naBbi b pa3JiHHHbix ropHO-reonorHHecKHx ycnoBHax b ^na- 
na30He 150 - 250 m. B CCCP yBejinneHHe fljiHHbi OHHCTHoro 3a6oa co 150 - 200 j\o 300 - 
350 m HMeno MecTO b OTflejibHbix cnynaax, He hochjio MaccoBoro xapaKTepa. TaK, HanpHMep, 
Ha niaxTe hmchh ra3eTbi "CoiinajiHCTHHecKHH ^OHSacc" yBejinneHHe ajikhm naBbi co 180 — 
200 flo 300 m no3BOJiHJio flocraHb pocTa Harpy3KH b 2 - 2,1 pa3a. flna ycnoBHH KyBHeiiKoro 
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Gacceiuia (niaxTa "PacnaflCKaa") [3] yBenHHeHHe ajihhm OHHCTHoro 3a6oa ao 250 - 300 m 
no3BOJiiuio: 

- CHH3HTb oSbeM npoBefleHHa noflroTOBHTejibHbix Bbipa6oTOK c 4,2 flo 2,1 m Ha 
1000 t 3anacoB; 

- COKpaTHTb KOJIHHeCTBO JiaB C TpeX £0 ffByX npH COXpaHeHHH oSbeMOB floSblHH 

- CHH3HTb 30JIbHOCTb floSblBaeMOrO TOIIJIHBa H 3a CHeT 3TOrO yMeHbUIHTb H3flep>K- 
KH npOH3BOflCTBa Ha 10 - 15 %. 

TeHfleHHHa yBejinneHHa fljiHHbi ohhcthmx 3a6oeB OTMenaeTca bo Bcex pa3BHTbix yr- 
jie/ioSbiBaiomHx crpaHax. TaK, Ha uiaxTe "TBenrHMaHJi" (CIIIA) H3 oahoh naBbi ajihhoh 305 
m 6bino floSbiTO 5,5 mjih t yrjia 3a ro,a; c no#BHraHHeM naBbi #o 18,5 m b CMeHy. B KaMeHHO- 
yrojibHOH npoMbiniJieHHOCTH TepMaHHH ocBoeHne TexHOJiorHH OTpaGoTKH BbieMOHHbix no- 
jien jiaBaMH ajihhoh 350 - 400 m Hananocb c 1990-x roflOB. Ha uiaxTe "cDpn^pHx TeH- 
pHx/PeHHJiaHfl" b KaMH-JlHMn(j)opTe 6buia ycneuiHO ncnbiTaHa TexHOJiorna OTpaSoTKH 
yronbHoro nnacTa b naBe ajihhoh 430 m. IIpH 3tom Harpy3Ka b nepBbie Mecanbi paSoTbi #o- 
CTHrana 10000 t TOBapHoro yrjis b cyTKH [4]. AHanorHHHbie TexHOJiorHH OTMeneHbi b 
yronbHOH npoMbiniJieHHOCTH CIIIA, ABCTpanHH, K)AP. BbicoiconpoH3BOAHTejibHbie naBbi 
paSoTaiOT h Ha npeflnpnaTHax KOMnaHHH "IIIeHbxya" b KHP, r^e /uiHHa jiaBbi paBHaeTca 300 
m npn fljiHHe BbieMOHHbix nojieii 3 - 6 km h moihhocth nuacTOB p,o 6,5 m. 

BMecTe c TeM ninpoKOMy BHeflpeHHio BbicoKonpoH3BOflHTenbHbix JiaB 3HaHHTejibHOH 
fljiHHbi npenaTCTByeT pa/i HepenieHHbix npaierHHecKHx BonpocoB ropHOTexHHHecKoro h sko- 
HOMHnecKoro xapaKTepa. HeHCCJieflOBaHHbiMH ocTaiOTca Bonpocw bjihjihhji ropHO- 
reonorHHecKHx ycjiOBHH Ha fljiHHy OHHCTHoro 3a6oa, ochoehmmh H3 kotopmx jibjuhotcji: 

- ^HHaMHKa H3MeHeHHa Hanpa>KeHHO-Ae(j)opMHpoBaHHoro coctojihhji nopofl 
(Harpy3KH Ha Kpenb) no /uiHHe 3a6oa b 3aBHCHMOCTH ot moihhocth h raySHHbi 3a- 
jieraHHa nnacTa; 

- H3MeHeHHe ycnoBHa 3ajieraHHa ruiacTOB - yrna na^eium, HapyineHHOCTH uiaxTHO- 
ro nona. 

- k TexHOJioriiHecKHM (JjaKTopaM HeoSxoAHMO OTHecra npeayie Bcero napaMeTpw 

BbieMOHHOH TeXHHKH: 

- Hecymyio cnocoGHOCTb MexaHH3HpoBaHHOH icpenn; 

- npoH3BOflHTejibHOCTb rnaBHoro KOHBeMepa h OHHCTHoro KOM6aiuia; 

- CKopocTb OTpaSoTKH 3anacoB no njioma^n BbieMOHHoro CTOJiGa; 

- napaMeipw BbieMOHHbix uiTpeKOB h oSopyflOBaHHa, ycTaHOBJieHHoro b hhx ^Jia 
oGcjiyacHBaHHa ohhcthmx paGoT. 

BjinaHHe H3MeHeHHa fljiHHbi OHHCTHoro 3a6oa Ha Hanpa>KeHHO-fle(|)opMHpoBaHHoe 
cocToaHne nopofl kpobjih BnepBbie 6bmo nccneflOBaHO b Tpy/jax npocj). B.J\. GnecapeBa [5]. 
B 3thx paGoTax, BBH^y cjio>khocth npoHCxoflaniHx b KpoBJie nponeccoB, hm Swjio npefl.no- 
>KeHO 3aMeHHTb pacneT 4>aKTHHecKOH ycTOHHHBOCTH 3aBHcaioiHHx nopofl Ha (J)HKTHBHyio 3a- 
flany 06 onpefleneHHH npe/iejibHoro nponeTa SKBHBanenrHOH SanKH (3KBHBajieHTHbiii npo- 
jict). 3to no3BOJiaeT cymecTBemio ynpocTHTb peuieHne 3a#aHH, He HCKa^Kaa (J)H3HHecKoii 
cyrn npoHCxoflaiHHx b KpoBJie nnacTOB reoMexaHHHecKHx sbjichhh. B cnynae ecnn 3aBHca- 

K)H[He nOpOflbl KpOBJIH, He HMeiOT Onopbl B BbipaGOTaHHOM npOCTpaHCTBe, TO flJIH 3KBHBa- 

neHTHoro nponeTa (/ 3 ) npn TpexcTopomieM 3aKpenjieHnn njinTbi nopofl ncnojib3yeTca cue- 
flyiomaa 3aBncnMOCTb: 

j 2ab 
3 ~~ a + 2b , 

r^e an b - ctopohm o6Ha>KeHHa kpobjih, m (^jinHa n ninpnHa naBbi). 

PacneTbi, nporoBeflemibie b cooTBeTCTBnn c yKaBaHHon 3aBncnMOCTbio, noKa3ann, 
hto npn yBejiHHeHHH fljinHbi onncTHoro 3a6oa ot 40 - 60 m, npn kotopom noBeflemie nopofl 
kpobjih OTJinnaeTca ot ee noBefleHna b kopotkom 3a6oe, j\o 350 - 400 m H3MeHeHne 3KBHBa- 
neHTHoro nponeTa HMeeT xapaierep, npeflCTaBJieHHbin Ha pnc. 1. H3 aHanH3a cne/iyeT, hto 
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yBejiHneHHe ajimhw naBbi CBbinie 170 - 300 m npaierHHecKH He OKa3biBaeT BJinaHHa Ha H3Me- 

HeHHe BeJIHHHHbl 3KBHBajieHTHOrO npOJieTa. 3T0 CBHfleTeJIbCTByeT 0 TOM, HTO yCTOHHHBOCTb 

nopofl KpoBJiH npn fl0CTH>KeHHH npeflejibHbix nponeTOB He 3aBHCHT ot fljiHHbi naBbi, a onpe- 
^ejiaeTca CBOHCTBaMH nopofl h cnocoSoM ynpaBJieHHa ropHbiM ^aBJieHHeM. IIpH 3tom yBe- 
jiHneHHe fljiHHbi OHHCTHoro 3a6oa cnocoScTByeT 6onee "sjiacTHHHOMy" CMemeHHio h o6py- 
HieHHio nopofl, Sojiee paBHOMepHOMy pacnpefleneHHio Harpy3KH Ha icpenn BflOJib 3a6oa. 



20 ; 00 
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Phc. 1 - Tpa(J)HK 3&BHCHMO cth pa3MepoB 3KBHBajieHTHoro rrpoJieTa 

OT OHHCTHOrO 3a6oa 

3to noflTBepacflaeTca HCCJieflOBaHHaMH, npoBefleHHbiMH Ha MO^ejiax h b iuaxTHbix 
3KcnepHMeHTax [3]. IIoKa3aHO, hto c yBejinneHHeM fljiHHbi ohhcthmx 3a6oeB H3MeHeHHe 
noTeHu,HajibHOH 3HeprHH nopofl b HanpaBJieHHH ^BH>KeHHa naBbi h napanjiejibHO 3a6oio 
CHHacaeTca OTHOCHTejibHO yBejinneHHa fljiHHbi naBbi (pnc. 2). PacneTbi BbinojiHajincb pjik 
HanSojiee Ta>Kejibix ropHOTexHHnecKHx ycjiOBHH, Kor^a pa3Mepw BbipaSoTamibix npo- 
CTpaHCTB npH6jiH>KajiHCb k fljiHHe jiaBbi. OTMeneHO, hto npn yBejiHneHHH fljiHHbi naBbi b ppa 
pa3a - ot 100 flo 200 m HaKonjieHHaa noTeHUHajibHaa 3Heprna B03pocjia tojibko Ha 12 - 15 
% c TeHfleHHHeil k flajibHeHHieMy CHH>KeHHio ee OTHOCHTejibHoil BenHHHHbi no Mepe yBenH- 
neHHa fljiHHbi 3a6oa. 




fluMHa JiaBbi, m 

Phc. 2 - rpa(J)HK 3aBHCHMO cth rroTeHUHajibHOH 3HeprHH 3aBHcaiomHX rropoa KpoBJiH ot ajihhbi naBbi 

H CKOpOCTH OTHOCHTeJIbHMX #ec|)OpMaUHH OCHOBHOH KpOBJIH [6] 
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TaKHM o6pa30M, mo>kho yTBep>KflaTb, hto B03pa.CTa.HHe ajihhm ohhcthmx 3a6oeB 
400 - 450 m c tohkh 3peHHa npoHexoflamHx b KpoBJie reoMexaHHnecKHx npou,eccoB He »b- 
jiaeTca ocno>KHjnomHM (J)aKTopoM bq^qhks ohhcthmx paSoT, t. e. He npHBOflHT k pocTy 
Harpy3KH Ha Kpenn. BiviecTe c TeM, pocT fljiHHbi naBbi npn aHajiorHHHbix cpaBHHBaeMbix na- 
paMeTpax paSoTbi, TexHHnecKHx cpe^CTBax Bbi3biBaeT pafl HeraTHBHbix noaneflCTBHH. 3to, 
npoK^e Bcero, CHH>KeHHe CKopoc™ noflBHraHHa 3a6oa, hto, HecoMHemio, OTpa3HTca Ha 

yCTOHHHBOCTH KpOBJIH. 

HccneflOBaHHjiMH, npoBefleHHbiMH Ha niaxTax BocTOHHoro ,H,OH6acca [3], noKa3aHO, 
hto yBejinneHHe fljiHHbi ohhcthwx 3a6oeB co 150 flo 300 m HeoflH03HaHHO BJinaeT Ha pa3y- 
6o>KHBaHHe (30JibHOCTb) ropHOH Maccw b naBe. TaK, npn ycTOHHHBbix nopo^ax KpoBJin 
30JibHOCTb npaKTHnecKH He H3MeHaeTca (cHH>KeHHe Ha 3 %), a npn HeycTOHHHBbix yBejiHHH- 
BaeTca Ha 68 %. 

Ilo Bonpocy BJinaHHa CKopocTH pprnKenwi naBbi Ha ycTOHHHBOCTb KpoBJin cyme- 
CTByiOT pa3JiHHHbie MHeHHa yneHbix h npaKTHKOB. HacTb yneHbix [1, 3, 6, 7] yTBep>KflaeT, 
hto noBbinieHHe CKopocra noflBHraHna naBbi ot 3 - 4 M/cyT p,o 20 Bbi3biBaeT yBejinneHHe 
KOHuempauHH OKHMaiOHiHx Hanpa>KeHHH h npH6jiH>KaeT MecTO KOHuempauHH Hanpa>Ke- 
hhh k 3a6oio. IIpH 3tom B03pacTaiOT npoHHOCTHbie xapaKTepHCTHKH npHJieraiomnx nopofl, 
CHHacaeTca hx cnocoSHOCTb k paccnoeHHio. B cbs3h c poctom npoHHOCTHbix xapaKTepncTHK 
nopofl B03pacTaeT nponeT oSpynieHHa 3aBHcaiomHx KOHCOJieM c 16 ro 36,5 m. Oca^KH oc- 
hobhoh KpoBJin nepeHOorrca flanee b CTopoHy BbipaSoTamioro npocTpaHCTBa. Bee HCCJieflO- 
BaTenH OTMenaiOT, hto c yBenHHeHHeM ckopocth flBH>KeHHa 3a6oa Harpy3Ka h hhtchchb- 
HOCTb Ha MexaHH3HpoBaHHbie Kpenn CHH>KaiOTca, cooTBeTCTBeHHO B03MO>KHbiM pemeHHeM 
MO»ceT SbiTb npHMeHeHHe cymecTByiomHx thiiob KpeneM 6e3 ycHJieHHa hx HecymeM cno- 
coShocth. 

OTMenaeTca, hto CHH>KeHHe ckopocth flBH>KeHHa 3a6oa #o 3 M/cyr npHBOflHT k yBe- 
jiHHeHHio BbiBajioo6pa30BaHHa b naBe, noBbiniaeTca Harpy3Ka Ha Kpenn [1]. IIofloSHbie »b- 
jieHHa oSbacHaiOTca CHH>KeHHeM npoHHOCTH h yBenHHeHHeM nnacTHHHOCTH nopofl BCJiefl- 
CTBHe BJiHaHHa (|)aKTopa BpeMeHH, npHBOflamero k no-raynecTH nopofl #a>Ke npn nocToaHHOH 
BejiHHHHe Hanpa>KeHHH. Ilpn noBbinieHHH Hanpa>KeHHH npn pa3BHTHH npoueccoB pocTa pa3- 
MepoB BbipaSoTaHHbix npocTpaHCTB h HapynieHHbix nopofl b HanpaBJieHHax npocTHpaHHa 
(na^eHHa) h HannacTOBaHHa momcct npoBOunpoBaTb npoueccbi noji3yHecTH h #a>Ke TeKyne- 
cth, hto, Hec OMHeHHO , yBejiHHHT cioiOHHOCTb k BbiBajioo6pa30BaHHK) nopofl b paSonee npo- 
CTpaHCTBO naBbi. BHeniHe aBJiemie noji3yHecTH cxo>Ke c iuiacTHnecKHM aBJieHHeM - TeKyne- 
CTbio. OflHaKO nocneflHee npoHCxoflHT TOJibKO 3a npeflenaMH 30hw ynpyrocTH h npn Hapac- 
Taiomnx Hanpa>KeHHax, b to BpeMa KaK nepBoe MO>KeT npoaBJiaTbca npn HanpjDKeHHax, He 
npeBbiniaiomHx npeflena ynpyrocTH, ho npn fljiirrejibHOM B03fleiiCTBHH Harpy30K, hto npn- 

BOflHT k pocTy fle(})OpMaLI,HH. 

KaK H3BecTHO, flec})opMaLi,HH h pa3pynieHHe Sokobwx nopofl npoHexofljrr b jspa 3Tana. 
MrHOBeHHbie (SbiCTpoTenHbie), CBJoamibie c ynpyrHM BOCCTaHOBJieHHeM nopofl, KOTopbie b 
ochobhom peajiH3yiOTca bo BpeMa BbieMKH yrns, Kor^a SoKOBbie nopoflbi nojiynaiOT B03- 
MO>KHOCTb pacninpaTbca b ocBoSoflHBineMca npocTpaHCTBe. BTopoM 3Tan nponcxoflHT 3a 
cneT ruiacTHHecKHx fle(J)opMaLi,HH nopofl, nocTeneHHO pa3BHBaacb bo BpeMeHH, h 3tot 3Tan 
peajiH3yeTca bo BpeMa cjieflyiomnx 3a BbieMKOH yraa onepau,HH u,HKna ot hx npoflOJDKH- 

TeJIbHOCTH. 

Ha ynpyryio cocTaBJiaiomyio flec})opMaLi,HH B03fleHCTBOBaTb oneHb cjio>kho BCJiefl- 
CTBHe CKopoTenHOCTH ee peajiH3au,HH. Ho BTopyio cocTaBJiaiomyio mo>kho yMeHbiiiHTb 3a 
cneT coKpameHHa BpeMeHH BbinojiHeHHa onepau,HH BbieMOHHoro u,HKna, T.e. CMememie h 
pa3pyuieHHe Sokobmx nopofl mo>kho cyniecTBeHHO CHH3HTB, yBejiHHHB CKopocTb noflBHra- 
HHa 3a6oa. OflHaKO HeoSxoflHMO noMHHTb, hto npn fl0CTH>KeHHH onpefleneHHOH pjm jian- 
hmx ropHOTexHHHecKHx ycjiOBHH ckopocth noflBHraHHa 3a6oa 3aBHcaiomHe b BbipaSoTaH- 

HOM npOCTpaHCTBe nOpOflbl KpOBJIH yBeJIHHHBaiOT KpHTHHeCKyK) flJIHHy KOHCOJIH, KOTOpbie 

npn TpaHC(})opMaLi,HH noTeHu,HajibHOH 3HeprHH b KHHeTHnecKyio (flHHaMHnecKOM oSpynie- 
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hhh) Moryr Bbi3BaTt fle^opMainno icpenn h #a>Ke 3aBaji JiaBbi. TaKHM o6pa30M, CKopocTb no- 
ABHraHHa OHHCTHoro 3a6oa h ero fljniHa opraHHHecKH CB33aHbi, hx npocipaHCTBeHHO- 
BpeMeHHoe cooTHOineHHe onpeiiejiaeT CTeneHb npoaBJieHHa reoMexaHHHecKHx npoueccoB b 
30He BefleHHa ohhcthmx paSoT h, ecTecTBeHHO, TexHraco-SKOHOMHHecKiie noKa3aTejiH pa6o- 
tm ynacTKa, niaxTbi b uejiOM. IIo3TOMy fljia noBbimeHHa scJ^eiCTHBHOCTH ohhcthmx paSoT 
HeoSxoflHMO conocTaBHTb nojio>KHTejibHbie h oipjmaTejibHbie ctopohm yBenHneHHa ajimhw 
jiaBbi. 

K nojio>KHTejibHbiM CTopoHaM yBejiHneHHa fljiHHbi JiaBbi, b nepByio onepeflb, cneflyeT 
OTHecTH coKpameHHe HHCJia noflroTOBHTejibHbix BbipaSoTOK Ha eflHHHuy 3anacoB BbieMOHHO- 
ro nona (ropH30HTa, nacTH niaxTHoro nojia). CfflDKemie HHCJia noflroTOBHTejibHbix BbipaSo- 
tok flua OTpaSoTKH ruiacTOB cpeflHeM moiuhocth h ManoMomHbix 03HanaeT yMeHbineHHe bm- 
xofla nopoflbi, t. e. yrjieoTxoflOB. 3aBHCHMOCTb CHiDKeHHa KOJinnecTBa Bbixo^a nopoflbi npn 
H3MeHeHHH fljiHHbi JiaBbi Ha eflHHHuy nnomaflH 3anacoB npeflCTaBJieHa Ha rpacjmice (pnc. 3) 
fljia THnHHHbix ycjiOBHH BocTOHHoro fl,OH6acca (nojiorae nuacTbi MomHOCTbio 1,25 m). H3 
aHanH3a bh^ho, hto Bbixofl nopoflbi H3 ohhcthmx BbipaSoTOK ropa3flO Bbinie, HeM H3 noflro- 
TOBHTejibHbix. Ho, hto Sojiee Ba>KHO, yflejibHbiii Bbixofl nopoflbi npn yBejiHneHHH ajikhbi jia- 
bw CHH>KaeTca. 

B KanecTBe nojio>KHTejibHbix acneKTOB yBejinneHHa ajikhm JiaBbi TaK>Ke mo>kho pac- 
CMaTpHBaTb coKpanieHHe BpeMeHH noflroTOBHTejibHO-3aKJiiOHHTejibHbix onepauHH h moh- 
Ta>KHO-fleMOHTa>KHbix paSoT, OTHeceHHoro Ha eflHHHuy 3anacoB, yBejiHHemie BpeMeHH npo- 
H3BOflHTejibHoii paSoTbi KOMSainia, noBbinieHHe K03(})(|)HHHeHTa Hcnojib30BaHHa oSopyflOBa- 
HHa h, b KOHenHOM HTore, yBejiHHeHHe Harpy3KH Ha 3a6on h npoH3BOflHTejibHOCTH Tpy^a no 
ynacTKy h iuaxTe b hcjiom. 

K oipHii,aTejibHbiM acneKTaM noBbiiueHHa fljiHHbi OHHCTHoro 3a6oa Hy>KHO OTHecTH 
yBejiHHeHHe BpeMeHH innaia, CHH>KeHHe ckopocth noflBHraHHa JiaBbi h, KaK cjie^CTBHe, chh- 
aceHHe npoHHOCTH nopofl, pocT Harpy3KH Ha MexaHH3HpoBaHHbie Kpenn h B03MO>KHoe no- 
BbinieHHe oSbeMa BbiBanoo6pa30BaHHa b naBy. 
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Phc. 3 - Tpa(j)HK 3&BHCHMOCTH Bbixoiia nopoiibi ot /uihhm JiaBbi npn m=\,25 m, Z=2* 10 6 t: 

1 - H3 nOJirOTOBHTeJlbHMX Bbipa60T0K, 2 - H3 OHHCTHMX 

fljIHHHbie OHHCTHbie 3a60H MO>KHO npHMeHSTb TOJIbKO b SjiaronpjuriHbix ropHO- 

reojiorHnecKHx ycjiOBHax c OTHOCHiejibHO Manoii HapynieHHOCTbio BbieMOHHbix nojieft. K 
TOMy >Ke B03HHKaiOT Bonpocbi c oSecneneHHeM 6e3onacHOCTH h npoBeTpnBaHHeM jiaB, pa3- 
paSoTKOH cooTBeTCTByiOHiHx 3TOMy TexHHnecKHx cpeflCTB BbieMKH h TpaHcnopTa b 3a6oe H 
Ha BbieMOHHOM ynacTKe: 
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1. IloBbinieHHe BpeMemiOH ycroHHHBOCTH h npoHHOCTHbix xapaKTepncTHK nopofl 
KpoBJiH npoHexoflHT Snaroflapa yBejiHneHHio CKopocra noflBHraHHa OHHCTHoro 3a6oa. J\jm 
yBenHHeHHa CKopocra noflBHraHHa npHMeronoTca OHHcmoe oSopyflOBamie HOBoro TexHHne- 
CKoro ypoBHa. J\jik o6cjxy5KHBaHHa o6opyflOBaHHa Taicoro ypoBira HeoSxoflHMbi yHHBepcanb- 
Hbie 3HaHHa pa6oTHHKOB coBpeMeHHOH 4)opMau,HH h cooTBeTCTByiomaa 3TOMy HOBaa opra- 
HH3au,Ha Tpy/ia. 

2. ,Z],ocTaBOHHbie cpe^CTBa b naBe h TpaHcnopTHOM uupeKe flOJDKHbi oSjia^aTb noBbi- 
uieHHOH Hecymeii cnocoSHOCTbio, a TaiOKe bmcokoh peMOHronpHroflHOCTbio ajis yMeHbuie- 
HHa hjih ycTpaHeHHa HeoSxoflHMOCTH 3aMeHbi KOMnoHeHTOB b cepe^HHe naHenH b cbjbh co 
3HaHHTejibHbiM poctom Harpy3KH h ee HepaBHOMepHOCTbio bo BpeMeHH. 

3. Poct rpy3onoTOKa onpeflejiaeT yBenHHemie raSapHTOB TpaHcnopTHoro o6opy#OBa- 
HHa b unpeKax, a sto, b cboio onepeflb, Be^eT k pocTy nonepenHoro ceneHHa noflroTOBH- 
TejibHbix BbipaSoTOK h, cueflOBaTejibHO, oSbeivia yrjieoTxoflOB. 

IIo3TOMy oueHica bo3mo»chocth yBenHHeHHa fljiHHbi ohhcthoix) 3a6oa no reoMexaHH- 

necKHM npH3HaKaM flon>KHa npoH3BOAHTbca flna KOHKpeTHbix ropHOTexHHnecKHx ycjiOBHH c 

yneTOM nuiocoB h MHHycoB H3MeHeHHa napaMeTpoB TexHOJiorHH h reoMexamiHecKHx npo- 

ueccoB. OKOHnaTejibHO onTHMaubHaa fljiHHa naBbi ^ojiaaia onpeflenaTbca b pe3ynbTaTe sko- 

HOMHnecKHx pacneTOB, yHHTbiBaiomnx coBOKynHbie 3aTpaTbi Ha #o6biHy h oSorameHHe yr- 

na, nojiynaeMyio npHSbuib h BbineTbi 3a 3arpa3HeHHe OKpyacaiomen cpe#bi yrjieoTxo#aMH. 

3K0H0MHHecKHH sc^eicr ot yBejiHHeHHa fljiHHbi naBbi Ha eflHHHu,y nuomaflH 3anacoB Bbie- 

MOHHoro nona mojkho nonynHTb H3 cocTaBJiaiomHx: 

3 = 3 1 + 3 n + 3 P 5 (1) 

trq 3 ji - 3aTpaTbi, npHxoflamHeca Ha bwxoa nopoflbi b naBe; 

3n - 3aTpaTbi, npHxoflamHeca na Bbixofl nopoflbi H3 noflroTOBHTenbHbix BbipaGoTOK; 
3£ - 3aTpaTbi, npHxoflamHeca HapeMOHT noflroTOBHTejibHbix BbipaGoTOK. 

IIpH 3TOM HCCJieflOBaHHa[l] nOKaBajIH, HTO B npOHeHTHOM COOTHOUieHHH 3KOHOMHHe- 
CKHH 34)4)CKT OT yBeJIHHeHHJI flJIHHbl OHHCTHOrO 3a6oa MO>KHO yCJIOBHO pa3#eJIHTb B cnefly- 

ioihhx nponopuHax: 

- Sojibiuaa nacTb npHxoflHTca Ha naBbi okojio 40-60 %, 

- 30 % npHxoflHTca Ha noflroTOBHTejibHbie BbipaSoTKH, 

- 10 % Ha peMOHT noflroTOBHTenbHbix BbipaSoTOK. 
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5KHJIBHOTO MECTOP05K#EHHfl B 
YCJIOBIMX TOPHCTOH MECTHOCTH 



OPENING AND PROCESSING 
TECHNOLOGY OF 
STEEPLY DEEPING VEIN DEPOSIT 
ON THE HIGHLANDS 



AnHomauun: 

Pa3pa6omciHbi mexnmecKue u mexHoiiozmecKue 
peuieHUH no ecKpbimuio, nodzomosKe u onucmnou 
ebieMKe 3anacoe, o6ecnenueaioujue 3<p(peKinueHyio 
u 6e3onacHyw pa3pa6omx:y KeaucuHcuozo 
noJiuMemcuiJimecKozo MecmopooKdenun. Tlpousee- 
deno mexHUKo-BKOHOMuuecKoe cpaeHenue eapu- 
ciHinoe ecKpbimuH humchux zopu3onmoe Mecmo- 
pooKdemm. VcmaHoejieno, nmo ecupbimue 
aemompaHcnopmHbiM yxmoHOM c deucmeyioufeu 
lumoJibHU no ducKOHmupoeciHHbiM 3ampamciM 
3(p(peKmueHee ecKpumun noeou lumoJibHeu. 
BbicoKan 3(pcpeKmu6Hocmb nod3eMHoii dodbmu 
pydbi docmuzaemcn enedpenueM Majio3ampamHou 
mexHOJiozuu c odpyuienueM pydu u npuMeuenueM 
6bicoKonpoit36odumeJibHozo caMOXodnozo o6opy- 
doeaHun. 



Abstract: 

Technical and technological solutions on the de- 
velopment, preparation and mining extraction 
providing efficient and safety mining of the 
Kvaisinsky polymetallic deposit are worked out. 
Technical and economic comparison of the pat- 
terns of deposit's lower levels resources develop- 
ment is performed. It is determined that develop- 
ment with a motor transport grade from a running 
adit is more efficient by discounted expenditures 
than development by a new adit. High efficiency of 
subsurface ore mining is attained by introduction 
the technology of ore caving and self-propelled 
equipment employment with low expenditures. 



Knmneebie cnoea: cxeua ecKpbimun, cucmejua nod- 
3eMHou pa3pa6omKu, caMoxodnoe o6opydoeamie, 
mexHUKo-3KOHOMunecKoe cpaenenue, ducKonmu- 
poeaHHbie 3ampamu. 



Key words: pattern of development, subsurface 
mining system, self-propelled equipment, technical 
and economic comparison, discounted costs. 



KBaiiCHHCKoe CBHHuoBO-UHHKOBoe MecTopoayteHHe HaxoflHTca Ha TeppirropHH Pec- 
nySjiHKH K)>KHaa OceTHa b BbicoKoropHoM nacTH npeflropHH fOacHoro ciaiOHa DiaBHoro 
KaBKa3CKoro xpeSTa. Oho npeflCTaBJieHO pa3po3HeHHbiMH CTOJi6oo6pa3HbiMH h >KHJioo6pa3- 
hbimh py^HMMH TenaMH fljiHHOH no np o CTHp aHHio ot 50 /to 700 m h yrjiOM na^eHHa 75-80°, 

CpeflHHS MOIHHOCTb pyflHWX Ten 3 M, pyflbl CpeflHeH yCTOHHHBOCTH C K03(})(|)HnHeHTOM Kpe- 

nocTH 7 — 13. BMematomHe nopoflbi ycTOHHHBbie h cpeflHen yCTOHHHBOCTH, oflHaico OTflejib- 
Hbie ynacTKH, BCJieflCTBne raflpoTepMaubHbix hbmchchhh, xapaKTepH3yK)Tca KaK HeycTOHHH- 
Bbie b HHTepBane 1 - 3 m ot KonraKTa c py^HbiM tcjiom [1,2]. 

CxeMa h nopaflOK BCKpbiTHa MecTopoayieHHa onpeflejunoTca cymecTByiomHM nono- 

)KeHHeM TOpHblX pa60T, COCTOJIHHeM BCKpbIBaK)IITHX BbipaSoTOK H TeXHHKO-3KOHOMHHeCKHM 

cpaBHeHHeM BapnaHTOB. 

3anacw BepxHen nacTH MecTopoayteHna BCKpbiBaiOTca 3Ta>KHbiMH KanHrajibHbiMH 
HiTOJibHaMH h BeHTHJiau,HOHHbiMH BOCcraioiHHMH, BbicoTa 3Taaca 50 - 70 m. ^oGbiTaa pyfla 
H3 OHHCTHbix Sjiokob nofl3eMHbiMH aBTOcaMOCBanaMH TpaHcnopTHpyeTca no uiTOJibHe Ha 
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noBepxHOCTb. Ha oGoraTHrejibHyio (jjaGpnKy (OcD) pyfla flocTaBJiaeTca aBTOcaMOCBanaMH 

GojibinoH rpy3onoflbeMHOCTH no HaropHOH aBTOflopore. 

flua BCKpbiTHa HH>icejie>KamHx 3anacoB bo3mo>kho npHMeHeHHe #Byx BapHanroB: 
Bapuanm I - ecKpumue uimojibneu jjjihhoh 2100 m, ceneHHeM 13,5 m 2 h BeHTHJianH- 

OHHO-XOflOBblM BOCCTaiOmHM (BXB) MOKfly rOpH30HTaMH CO CTpOHTeJIbCTBOM npoMiuio- 

ma^KH B03Jie ycTba hoboh niTOJibHH (pnc. 1, a). floSbuaa py#a TpaHcnopTHpyeTca aBTOca- 
MOCBanoM no niTOJibHe Ha noBepxHOCTb n flanee Ha OcD. ^jiHHa TpaHcnopTnpoBaHHa no 
HiTOJibHe - 2,1 km, no aBTOflopore - 4,8 km. 

Bapuanm II - ecKpumue aemompancnopmHUM ymionoM, npoxo^HMbiM c flencTByio- 
men niTOJibHH nofl yrnoM 8° (pnc. 1, 6). lio ^aHHOMy BapnaHTy Heo6xoflHMO npoifr-H aBTO- 
yiaiOH fljiHHOH 360 m ceneHneM 13,5 m 2 , AOCTaBOHHbiH uiTpeK ijjihhoh 1050 m, BXB h kom- 
nueKC BOflOOTJiHBa. ^oSbnaa py^a TpaHcnopTHpyeTca no ^ocTaBOHHOMy uupeKy, aBToyKJio- 
Hy, ^eilcTByiomeH uiTOJibHe Ha noBepxHOCTb n flanee Ha OcD. J\mm& TpaHcnopTnpoBaHHa no 
ropHbiM BbipaSoTKaM - 2,0 km, no aBTOflopore - 5,5 km. 



a) 



BXB 



wmo/ibHR 



mmo/ibH^-"' 





BXB 



iumo/ibH% 



mmo/ibHfi 



mmo/ibhm ■ 



docmadoHHbiu mmpex 



Phc. 1 - CxeMa bckpmthh MecTopo>KjieHHa a - uiTOJibHHMH fljia aBTOMO 6mibHoro TpaHcnopTa; 

6 - UiTOJibHHMH H aBTOTpaHCnOpTHMM yKJIOHOM 

CpaBHeHne BapnaHTOB npoH3BOflHJiocb no KpnrepHio MHHHMyMa flHCKOHTHpoBaHHbix 
3aTpaT (,0,3), nojiynaeMbix nyreM cyMMHpoBaHHa paBHOBpeMeHHbix KanHTanbHbix 3aTpaT Ha 
BCKpbiTHe h 3KcnjiyaTau,HOHHbix 3aTpaT Ha TpaHcnopTHpoBaHHe pyflw. flaHHbiH noKa3aTejib 
no3BOJiaeT ynecTb, coH3MepHTb, o6beKTHBHO oneHHTb Bee 3aTpaTbi, CBa3aHHbie co BCKpbiTH- 
eM MecTopoacjjeHHa, c yneTOM ^HHaMHKH pa3BHTHa ropHoro npoH3BO#CTBa. MaTeMaTHne- 
CKoe onncaHHe neneBOH c|)yHKnHH cjie^yiomee: 



A3 = 2:(K + 3)- 



1 



1=0 



— > min, 

(i+Ey 

r^e T - npoflOJDKHTejibHOCTb CTponrejibCTBa h SKcmiyaTanHH ropH30HTa, jict; 
K ( — KanHTajibHbie 3aTpaTbi b t-M ro#y CTponrejibCTBa ropH30HTa, py6/ro#; 

3, — 3KcmiyaTanHOHHbie 3aTpaTbi b t-M ro^y 3KcmiyaTanHH, py6/ro#; 

E - HOpMa JJHCKOHTa, flOJIH efl. 
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IIo oSohm BapnanraM y/iejibHbie 3aTpaTbi Ha CTponrejibCTBO ropHO-KanHTajibHbix bm- 
paSoTOK npHHaTbi paBHbiMH 3500 py6/M 3 , 3aTpaTbi Ha aBTOMoSHJibHbin TpaHcnopT no aBTO- 
flopore - 14 py6/T-KM, no ropHbiM BbipaSoTKaM - 27 pySAriCM. flua ^HCKOHTHpoBaHHa npn- 
HaTbi cjieflyionine ycnoBHa: HopMa flncKonra - 10 %; npoflOJDKHTejibHOCTb CTponrejibCTBa 
ropn30HTa no oSohm BapnaHTaivi - 2 ro#a; roflOBon o6beM ^oSbiHH - 100 tmc. t; pacHeraaa 
npoflOJDKHTejibHOCTb oTpaSoTKH 3anacoB 3Ta>Ka - 13 JieT. TexHHKO-3KOHOMHHecKHe noKa3a- 
Tejin (T3II) no cpaBHHBaeMbiM BapnaHTaM BCKpbrrna npeflCTaBJieHbi b TaSn. 1 . 



TaSjinna 1 

T3II no BapnaHTaM bckpmthh 3anacoB HHJKHero ropH30HTa 



IloKa3aTeJib 


3aTpaTbi, tmc. py6. 


BapnaHT I 


BapnaHT II 


KanHTajibHbie 3aTpaTM 


1 . CTpoHTenbCTBO npoMnjioma^KH 


20000 




2. ropHO-KarrHTanbHbie pa6oTbi 


- IUTOJIbHa 


99225 




- aBTOyKJIOH 




17010 


- flOCTaBOHHMH IUTpeK 




49613 


- KOMIIJieKC BO^OOTJlHBa 




7000 


- BXB 


847 


847 


Hmozo KanumajibHue sampamu 


120072 


74470 


3KcnjiyaTaiiH0HHbie 3aTpaTM 


3. TpaHcnopT py^bi no O® 






- BHyTpHpy^HHHHMH 


70552 


67192 


- BHeillHHH 


83617 


95811 


Hmozo 3Kcnnyamau l uoHHue 3ampamu 


154169 


163003 


,EI,HCKOHTHpOBaHHbie 3aTpaTbi 


179198 


141085 



TexHHKO-3KOHOMHHecKoe cpaBHeHne noKa3ano, hto eapuanm II BCKpbrrna aBTO- 
TpaHcnopTHbiM yiaiOHOM Sojiee 3(J)(J)eKTHBeH no flHCKonrnpoBaHHbiM 3aTpaTaM n momcct 
SbiTb npHHST fljia BCKpbiTna 3anacoB HH>KHen nacTn MecTopo^eHHa. 

IlapaMeTpbi CHCTeMbi pa3pa6oTKH onpeflenaiOTca TexHOJiornnecKHMH Tpe6oBaHHaMH, 
HanpaBJieHHbiMH Ha fl0CTH>KeHHe 3aflaHHbix noKa3aTejien, h reoMexaHnnecKHMH bo3mo>kho- 
ctsmh oSecneneHna ycTOHHHBOCTH ee KOHCTpyKTHBHbix ajieMenroB. IIopaflOK OTpaSoTKH 
MecTopoacfleHna npeflnonaraeTca CJieflyiomnn: 

- no na/ieHHio py^Hbix Teji — CBepxy bhh3; 

- no npocTnpaHHio - ot flanbHero (|)jiaHra k ycTbio BdcpbiBaiomen niTOJibHH; 

- BKpecT npocTHpaHna - ot Bncanero 6oKa k noKaneMy. 

OcHOBHbiM HanpaBJieHneM coBepmeHCTBOBaHHa TexHOJiornn ^oSbinn pyflbi aBJiaeTca 
npnivieHeHHe coBpeMeHHoro BbicoKonporoBOflnrejibHoro caivioxoflHoro TexHOJiornnecKoro 
oSopyflOBaHHa, oSjia^aiomero paflOM npeHMymecTB no cpaBHeHHio c TpaflHnnoHHbiM (penb- 
cobwm h nepeHOCHbiM) [3]: 

- coKpameHne npoflonacHTenbHOCTH CTponrejibCTBa ropHO-KannTajibHbix n no^ro- 

TOBHTeJIbHO-Hape3HbIX BbipaSoTOK; 

- BbicoKaa npoH3BOflHTejibHOCTb Tpy^a; 

- hh3khc 3aTpaTbi Ha coAep>KaHHe h peMonr BbipaSoTOK; 

- coKpameHne hhcjichhocth nepcoHana; 

- noBbimeHHe 6e3onacHOCTn npon3BOflCTBa npoxoflnecKHx h ohhcthmx paSoT 3a 
cneT nHKBHflau,HH pynHoro Tpy^a; 

- C03flaHne KOM(})opTHbix ycjiOBHH Tpy^a nofl3eMHbix paSoHHx Ha npoxoflnecKHX, 
OHHCTHbix h TpaHcnopTHbix paSoTax. 
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Hcxona H3 ocoSeHHOCTeM KBaMcHHCKoro MecTopoacneHHa peKOMeHAOBaHO npHMeHe- 
HHe cjieflyiomnx chctcm pa3pa6oTKH: 

1. IJodsmajfCHO-KaMepHax c nocneflyiomHM oSpymemieM h bmcmkoh 3anacoB 
Meac^ySjiOKOBbix uejiHKOB (MELI) h hotojiohhh (nil,) ana ynacTKOB c ycTOHHHBbiMH pyaoii h 
BMemaiomHMH noponaMH (pnc. 2). IlapaMeTpbi chctcmm pa3pa6oTKH TaKOBbi: BbicoTa 6-noKa 
(BbicoTa 3Taaca) 50 - 70 m, BbicoTa noflS-Taaceii 15 - 20 m, nnnHa SnoKa 55 m, mnpnHa 
oSycjiOBJieHa cpeflHeii MomHOCTbio pyaHoro Te.ua 3 m, MomHOCTb nil, 4 - 8 m, innpnHa MBU, 
6 - 10 m. OnHCTHbie Sjiokh pacnonaraiOTca no npocTHpaHHK) pyaHbix Ten. 

BweMKa 3anacoB 6.noKa npoH3BOflHTca b ljbq CTaaHH: Ha nepBoii - BbiHHMaiOTca 3ana- 
cw KaMep, Ha BTopon - oGpymaiOTca MBU, h IIIJ, Ha OTKpbiToe npocTpaHCTBO KaMepbi. Bw- 
nycK pyflw iuiomanHOH npn BbieMKe KaMep H3 OTKpbiToro npocTpaHCTBa nocne oGpyuieHna 
u,ejiHKOB - nofl oSpyuieHHbiMH noponaMH. OiSHTaa pyna BbinycKaeTca nepe3 flHnme 6-iioKa b 
norpyBOHHbie 3ae3flbi. IIorpy3Ka h apcTaBKa pyabi H3 norpy30HHbix 3ae3flOB npoH3BOflHTca 
norpy30-flOCTaBOHHbiMH ManiHHaMH (HflM) rana Sandvik LH203 rpy3onoflbeMHOCTbio 3,5 t 
b aBTOcaMOCBan Sandvik TH320 rpy3ononbeMHOCTbio 20 t. 

A- A 





No 
n/n 


HauM9Hoeanue ehipa6omoK 


1 


Oocmaeo^HhtO wmpen 


2 


nospysovHbtu 3ae3d 


3 


eeHmcdouKa 


4 


eeHmunauuoHHo-xodosoQ aoccmaromitu 


5 


3ae3d us nodamax 


6 


6ypoeoQ lumpen 


7 


Mexdy6noKoehiu nenux (MBLI) 


8 





Phc. 2 - Ilo/i3Ta>KHO-KaMepHaa CHCTeMa pa3pa6oTKH 
2. IJodsmajfCHoe odpyuienue c TopneBbiM BbinycKOM pyabi ana ynacTKOB c ycTonnn- 

BOH pyflOH H HeyCTOHHHBblMH (TpeiHHHOBaTblMH H CKJIOHHblMH K BblBajiaM) BMemaiOmHMH 

nopoflaMH (pnc. 3). IlapaMeTpbi CHCTeMbi pa3pa6oTKH TaKOBbi: BbicoTa 6.noKa 50 - 70 m, Gjiok 
pa36nBaeTca Ha nonsTaacn bwcotoh 1 7 — 23 m, fljiHHa SnoKa no npocTHpaHHK) pyaHoro Tena 
55 m, mnpHHa npHHHMaeTca paBHon cpeflHeii mouthocth pyaHbix Ten 3 m. OnncTHbie Sjiokh 
pacnonaraiOTca no npocTHpaHHK) pynHbix Ten. 

OnncTHaa BbieMKa Ha non3Ta»ce ocymecTBJiaeTca nyreM nocjionHon ot6ohkh pynbi b 
3a>KHMe Ha oSpymeHHyio nopony 3apa^aMH Bocxoaamnx BeepoB CKBa>KHH anaMeTpoM 65 
mm. IIopaflOK OTpaSoTKH b nofl3Ta»ce - cmiomHOH ot (|)jiaHra SnoKa k (|)jiaHry. BbinycK pyflw 
ocyniecTBJiaeTca no# oGpymeHHbiMH noponaMn nepe3 Topeii, Sypo-nocTaBOHHon BbipaGoTKH. 
IIorpy3Ka h nocTaBKa pynbi ocymecTBJiaeTca n,H,M rana Sandvik LH203 no pynocnycKa, no 



ill 



KOTopoMy pyfla nepenycKaeTca Ha OTKaTOHHbiH ropH30HT, r^e npn noMomn BnGpannoHHon 
AOCTaBOHHO-norpy30HHOH ycTaHOBKH B,Z],riy-4TM 3arpyacaeTca b aBTOcaMOCBan Sandvik TH 
320. flocTaBKa im,M Ha nofl3Ta5Kn ocymecTBJiaeTca no HaiaiOHHOMy Cbe3#y. 




A- A 




I In 

-kjtii . 
Xd_ lit i x - 



; It I 

I'll 
I HI 
U-L- 



>> 



No 

n/n 


HauMeHoeamie atipadomoK 


1 


doonaecMHuu uimpeK 


2 


nospysovHbiu 3ae3d 


3 


eeHmc6ouKa 


4 


eenmu/imuonno-xodo8ou eoccmamwuv 


5 


3ae3d Ha nodsmaxt 


e, 


pydocnycK 


7 


Bypo-docmaeowhiu wmpex 



Phc. 3 - CncTeMa pa3pa6oTKH no£3Ta>KHoro o6pyuieHHH 



OcHOBHbie noKa3aTejiH no pa3pa6oTaHHbiM n npnivieHaeMbiM Ha pyflHHKe CHCTeMaM 
pa3pa6oTKH npHBefleHbi b TaSji. 2. 



Ta6jinu,a 2 



T3II no CHCTeMaM pa jpaSo ikii 



IIoKa3aTeJiH 


Il07I3Ta>KHI,ie UITpeKH 


nozpTa)KHoe o6pyiueHHe 


C TlOCTaBKOH 

penbcoBtiM 
o6opy^oBa- 

HHeM 


C /(OCTaBKOH 
CaMOXO^HBIM 

o6opy^oBa- 

HHeM 


C ZlOCTaBKOH 

penbcoBtiM 
o6opy^oBa- 

HHGM 


c jjocTaBKOH ca- 

MOXOZIHL.IM 060- 

pyzioBa-HHeM 


3KcnjiyaTau:H0HHbie 3anacbi 
6jiOKa, t 


27696 


27696 


27844 


27844 


y,ziejibHbiH o6beM I1HP, 
m 3 /1000t 


84,9 


113,0 


90,6 


125,1 


BblXOfl pyflbl C 1 M CKBa>KHHbI, 

m 3 /m 


1,7 


1,7 


1,5 


1,5 


IlpoH3BOflHTeJibHOCTb Tpyzja Ha 
rrpoueccax: 

- npoxo^Ka, m 3 / neJi-CMeHy 

- 6ypeHHe, t/ nen-CMeHy 

- aocTaBKa, t/ neJi-CMeHy 


2,8 
164,2 
70,5 


6,1 
164,2 
267,0 


2,8 
144,9 
72,3 


6,1 
144,9 
267,0 


npoH3Bo^HTejibHocTb Tpyz;a 
3a6oHHbix pa6oHHX, t/ qen- 
CMeHy 


19,9 


34,7 


19,6 


33,8 


IloTepH, % 


6,0 


6,0 


10,0 


10,0 


Pa3y6o>KHBaHHe, % 


16,0 


16,0 


20,0 


20,0 



112 



TaKHM o6pa30M, pa3pa6oTaHHbie TexHHnecKHe h opramBauHOHHbie penieHHa no 

BCKpblTHK) H OHHCTHOH BbieMKe 3anaCOB KBaHCHHCKOrO nOJIHMeTajIJIHHeCKOrO MecTopo>Kfle- 

HHa oSecnenHBaiOT nuaHOMepHoe flocnoKeHHe pyflHHKOM MaKCHMajitHOH npoH3BO#CTBeH- 
hoh moiiihocth b 150 Tbic. t py#bi b rofl h ero pHTMHHHyio paSoTy b TeneHHe 17-20 neT. 

JlHTepaTypa 

1. ,Z],3aHHyKOB A.B. OSocHOBamie HeoSxoflHMOCTH co3flaHHa KBaftcHHCKoro ropHO- 
npoMbinuieHHoro KOMimeKca / A.B. ^aftHyKOB, B.T. JlpepanoB, B.P. KycoB // BecTHHK Bna- 
AHKaBKa3CKoro HayHHoro Hempa. -2010. - T. 10.- JN2I.-C. 43 -53. 

2. Tojihk B.H. Pa3pa6oTKa oSBOflHemibix HaropHbix MecTopoMCflemiH / B. H. Tojihk // 
TopHbiH HH(J)opMaLi,HOHHO-aHajiHTHHecKHH SiojuieTeHb. - 1999. - N° 3. - C. 69 - 70. 

3. Bojikob K).B. OcHOBHbie HanpaBJiemui pa3BHTHa reoTexHOJiorHH h reoTexHHKH 
nofl3eMHOH pa3pa6oTKH py^Hbix Mecropo>KfleHHH / K).B. Bojikob, H.B. Cokojiob // TopHbiH 
hhcJ) opMauHOHHO -aHajiHTHHecKHH SiojiJieTeHb . - 2007. - N2 3. - C. 270 - 273. 



113 



YflK 622.233/235.012.3 



1 1 1, till ill II Ct*IIIIIC.1£IB PyCJiaHOBHH 

acnnpaHT, MJiajjuiHH HayHHtra coipyziHHK 

na6opaTopHH otkpbitoh reoTexHonorHH 

HHCTHTyr ropHoro ziena YpO PAH 

620219, r. EKaTepHH6ypr, 

yji. MaMHHa-CnGHpHKa, 58 

Ten. 8(343)3501497, 89530067777, 

e-mail: go ldminer 1 (Scrambler. ru 

PoataecTBeHCKHH B.ia,3iiMiip HiiKo.iacBii i i 

CTapiHHH HayqHbiii COTpyZIHHK, 

KaH^pijiaT TexHHHecKHX Hayx 
Jia6opaTopHH otkpmtoh reoTexHonorHH, 

HHCTHTyT ropHoro .nena YpO PAH 

620219, r. EKaTepHH6ypr, 

yn. MaMHHa-Cii6Hpj[Ka, 58 

KOHHeB KOHCTaHTHH AHaTOJIbeBHH 

acnnpaHT, MJia^inHH HayHHbiii coTpyjiHHK 
Jia6opaTopHH otkpmtoh reoTexHonorHH 
HHCTHTyr ropHoro jjena YpO PAH 
620219, r. EKaTepHH6ypr, 
yn. MaMHHa-Cn6HpHKa, 58 

KaSejiKO Cepreii reHHaflteBHH 

HayHHBffl COTpyiTflHK 

OTXiena reonorHH h reoHH(J)opMaTHKH 
OAO «BHOrEM» 

3 08007, r. Eenropoji, yn. E. XMentHHUKoro, 86 
Ten. +7 (4722) 26-05-23 

nPOrH03HPOBAHHE 
PACnPE^EJIEHHfl nOJIE3HOrO 
KOMnOHEHTA B PA3BAJIE 
B30PBAHHOH TOPHOH MACCW 
nPH EOJIblllHX Y^EJIbHblX 
PACXO^AX BB 



Pyanzin S.R., 

junior research worker, 

The Institute of Mining UB RAS 

620219, Yekaterinburg, 58, Mamin-Sibiryak st. 

Tel. +7(343) 350-14-97 

e-mail: go ldminer 1 @ramb ler.ru 



Rozhdestvensky V.N. 

candidate of technical sciences, 
The Institute of Mining UB RAS 
620219, Yekaterinburg, 
58, Mamin-Sibiryak st. 



Kochnev K.A. 

junior research worker 

The Institute of Mining UB RAS 

620219, Yekaterinburg, 

58, Mamin-Sibiryak st. 



Kabelko S.G., 

candidate of technical sciences, 
LJSC "VIOGEM", 

308007, Belgorod, B. Hmelnitsky, 86. 
Tel. +7(4722)26-05-23 



PREDICTING THE DISTRIBUTION OF 
VALUABLE COMPONENTS IN 
DISINTEGRATING OF BROKEN ROCK 
MASS UNDER LARGE BKASTING 
AGENTS' UNIT COST 



Annomauun: 

B cmanibe onucanu onumu, npoeodueuiuecn na 
npednpunmuu OAO «EBPA3-KTOK» no enedpe- 
Huro rHC rEOMMKC Modym BlastModel dm 
npozHosupoeaHUH pacnpedenenun MceJie3nou pydbi 
e pa3eajie zopnou juaccbi npu 6ypoe3pbi6Hou om- 
BoiiKe hq mpbepax. 



Abstract: 

The experiment on introduction GIS GEOMIX 
Blast Model module for prediction iron ore distri- 
bution in disintegration in the open pit are set forth 
in the article. 



Kimueebie cjioea: pacnpedenenue none3Hozo kom- 
noHenma, ydenbHbix pacxod, MHozopndHoe Kopom- 
KosaMedjienHoe espbieanue, KOMnbrnmepnoe Mode- 
jiupoeanue. 



Key words: valuable component distribution, unit 
costs, multi - series short-delay, simulation model- 
ing. 



IIpHMeHeHHe B3pwBHoro pa3pymeHHa ropHbix nopofl npn 3HaHHTejibHbix yflejib- 
hmx pacxoflax B3pbiBnaTbix BemecTB Ha Kapbepax, pa3pa6aTbiBaK>mHx py^Hbie MecTopoac^e- 
HHa, BJieneT 3a coSoh npoSjieMy oueiiKH KanecTBa nojie3Horo HCKonaeMoro b o6pa30BaHHOM 
nocne B3pwBa pa3Bane ropHOH Maccbi. YcTaHOBJieHHoe no ^aHHbiM onpoSoBaHHa 6ypo- 
B3pwBHbix CKBa>KHH pacnpeflejieHHe b u,enHKe MarHHTHoii 5Kejie3Hoii pyflw, peraaMeHTH- 
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pyiomee KanecTBO, npn cjitokhom CTpoeHHH pytjHbix Ten He npeflCTaBJiaeTca bosmtokhmm c 
bmcokoh CTeneHbio flocTOBepHOCTH pacnpocTpaHHTb Ha pa3Ban pa3pyineHHbix B3pbiBOM no- 
pofl. Cjie^CTBHeM 3Toro aBJiaKxrca noTepn h paBySo^KHBamie nojie3Horo HCKonaeMoro, no- 
rpeuiHOCTH onepaTHBHoro nuaHnpoBaHHa ^oSbiHH py# h hx BHyrpHKapbepHoro ycpeflHeHHa. 
OcymecTBHTb nporH03 pacnpefleneHHa 

nojie3Hbix KOMnoHeHTOB , Hcnojib3ya ana 3Toro ^aHHbie onpoSoBaHna 6ypoB3pbiBHbix CKBa- 
>khh, no3BOJiaeT KOMnbiOTepHoe MOflennpoBaHHe B3pbiBHoro pa3pyuieHHa ropHbix nopofl Ha 
Kapbepax. 

HccjieflOBaHHa npoBOflHJiHCb Ha 6a3e KapbepoB OAO «EBPA3 - KXOK». JJjifi npaierH- 
necKoro npHMeHeHHa nporpaMMHoro MOflejinpoBaHHa Swjih paccMOTpeHbi cjieflyiomHe oc- 
HOBHbie nonoaceHHa Be^emis B3pbiBHbix paGcrr, pa3pa6oTaHHbie npoBO#HMbiMH paHee nccjie- 
flOBaHHaMH coTpyflHHKaMH VLTJl YpO PAH [1]: 

- npHMeHeHHe noflnopHoM CTeHKH H3 paHee B3opBaHHOH HeySpaHHOH ropHOH Mac- 
cm onTHMajibHbiM pa3MepoM 1 0 - 1 5 m Kaic cnocoGa ynpaBJieHna napaisieTpaMH pa3Bana; 

- KOJinnecTBO B3pbiBaeMbix pa^OB 4-6; 

- BbicoTa paBBana He 6ojiee 18 m, bbixoa HeraSapHTHbix KycKOB He Sonee 1,5 - 
2 %, KoscJ^HnHenr pa3pbixjieHHa 1,3 - 1,5; 

- npHMeHeHHe peicoMeHflOBaHHbix [3] rjw ycnoBHH OAO «EBPA3 - KrOK» cxeM 
MHoropaflHoro KopoTK03aMeflJieHHoro B3pwBaHHa (MK3B) (pnc. 1), fljia oSecneneHHa Tpe- 
GyeMoro KanecTBa ^poGjieHHa h npopaGoTKH nofloniBbi. B ycnoBnax npHMeHeHHa MK3B 
oflHH H3 ochobhmx (J)aKTopoB, oSecneHnBaiomnx MHHHMajibHoe nepeMemeHHe nopoflbi h 
yflOBJieTBopHTenbHoe KanecTBO /ipoS-nemm 6e3 oSpaTHoro BbiSpoca, onpeflejiaerca npo- 
CTpaHCTBeHHO-BpeMeHHOH nocneflOBaTejibHOCTbio B3pwBaHHa 3apa^OB. H3 Bcero pa3HOo6pa- 
3Ha cxeM MK3B ^Jia KOMnbiOTepHoro MOflennpoBaHHa B3pbiBHoro pa3pyuieHHa h nepeMe- 
njeHHa ropHOH Maccbi Swjih Bbi6paHbi Tpn cxeMbi, npn KOTopbix oSecnenHBaeTca xopouiee 
ApoSneHHe h MHHHMajibHoe nepeMemeHHe B3opBaHHOH ropHOH Maccw [ 1 ] . 




noflnopHafi CTeHKa 

Phc. 1 - IrpHHUHiiHanbHaa cxeMa MOHTa>Ka noBepxHOCTHofi cera npn HcnoJib30BaHHH He- 

3JieKTpHHeCKHX CHCTeM HHHUHHpOBaHHH CKB a>KHHHbIX 3apfl#OB 

B ycjiOBHax BefleHna 6ypoB3pbiBHbix pa6oT Ha Kapbepax OAO «EBPA3 - KTOK» 
npn y^ejibHbix pacxo^ax B3pbiBnaTbix BemecTB (BB) 1,5 - 2,3 kt/m 3 npoHCxo#HT CHJibHaa 
TpaHC(J)opMaLi,Ha BHyrpeHHeH CTpyiaypbi paBpyuiaeMoro MaccHBa (3HaHHTejibHoe CMemeHHe 
pyflHoro Tena ot nepBOHanajibHoro nojio^KeHna h nepeMeuiHBaHne c BMemaioinHMH nopofla- 
mh), ho, KaK noKa3biBaeT onbiT OTrpy3KH B3opBaHHOH ropHOH Maccbi, TOJibKO npn TaKHx 
y/iejibHbix pacxoflax BB oGecnennBaeTca yflOBJieTBopHTenbHoe ApoSjiemie KpynHoSjiOHHbix 
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B33KHX nopofl h flocTaTOHHO BticoKaa npoH3BOflHTejibHOCTb paSoTbi norpy30-TpaHcnopTHoro 
oSopyflOBaHHa. 

IloflnopHaa CTeHKa (b 3aBHCHMOCTH ot ee BejiHHHHbi h (popMbi) CHH>KaeT ^BH>KeHHe 
nopoflbi b ropH30HTajibHOM HanpaBJieHHH h co3flaeT ycjiOBna nepeMemeHHa pa3pyineHHOH 
nopoflbi TOJibKO b BepTHKanbHOM HanpaBJieHHH, b pe3yjibTaTe nero CHH>KaeTca flajibHoeib 
BbiSpoca B3opBaHHOH ropHOH Maccw, ho pacTeT BbicoTa pa3Bana. HccjieflOBaHHa coBMecTHO- 
ro BJinaHHa BejiHHHHbi noflnopa, pa3JiHHHbix cxeM MK3B h HanpaBJieHna otSohkh Ha 

TpaHC(|)OpMaHHIO pa3Bajia B30pBaHHOH TOpHOH MaCCbl npOBOflHJIHCb Ha TeXHOJIOrHHeCKHX 

MaccoBbix B3pbiBax b DiaBHOM, 3ana/iOM h CeBepHOM Kapbepax c npHMeHeHHeM TexHOJiorHH 
Ha3eMHoro jia3epHoro CKaHnpoBaHna. 

Ha ocHOBaHHH npoBefleHHbix 3aMepoB H3MeHeHHa napaMeTpoB pa3Bana ^jih CHHace- 
HHa TpaHCCpopMaiiHH BHyipeHHeH CTpyKTypw py^Hbix Sjiokob peKOMeHflyeTca Hcnojib30BaTb 
HHTepBanbi BpeivteHH 3aMeflJieHHa 67 - 109 mc b CKBa>KHHax nepBoro pa^a, 42 mc b ocTajib- 
hmx pa^ax c npHMeHeHHeM cxeMbi MOHTa>Ka b oSpa-myio flnaroHanb, oSecnennBaiomyio 
yron HanpaBJieHHH otSohkh He Sojiee 40 - 60° [1]. Bojibinoe BJinaHne Ha TpaHCCpopMaiiHio 
B3opBaHHoii ropHOH Maccw h pa3y6o>KHBaHHe pyflHOH Maccw npn npoH3BOflCTBe EBP oica- 

3bIBaeT HHCJIO B3pbIBaeMbIX pHflOB CKBa>KHH. IIpH MHOrOpaflHOM B3pbIBaHHH CKBa>KHHHbIX 

3apaflOB c noflnopoM ycTaHOBJieHO, hto 3(p(peKTHBHOCTb ^poSjieHHa h MHHHManbHoe nepe- 
MemeHne py^Hon Maccw npoHCxoflnr npn HHCJie pa^OB Sojiee neTbipex. Ilpn MeHbineM hhc- 
Jie paflOB BbicoTa pa3Bana CHH>KaeTca 9 - 12 m h pacTeT iunpHHa pa3Bajia (TaSji. 1). 

Ta6jiHu,a 1 

Pe3yjibTaTbi cTaTHCTHHecicoro aHajiH3a h3mchciih}i iiapaMcrpoB pa3Bajia b 3aBHCHMocra ot 
HHTepBajioB BpcMcnii 3aivieaJieHHH h HanpaBJieHHH otSohkh 



HHTepBajiti 
BpeMeHH 3a- 
MexiJiemm b 
nepBOM - no- 

cjieziyiomHx 
pjyjax 


CxeMa 
MOHTa>Ka no 

OTHOUieHHK) 

k Hanajry 
TieTOHauHH 
(Uff) 6jioKa 


YroJi 

HanpaBJieHHH 

ot6ohkh, 

rpa/i 


H3MeHeHHe na- 
paMGTpoB pa3- 
Bajia ot BenHHH- 
hbi no^nopa (L), 

M 


K03(J)4)HUHeHT 

zieTepMHHaiiHH 


CraimapTHoe 

OTKJIOHeHHe 


IIpopa6oTKa 

noziouiBti 

ycTyna 


IHHpHHBI 


BBICOTBI 


IHHpHHBI 


BBICOTBI 


UIHpHHBI 


BBICOTBI 


42-42 

(25+25) -42 


06paTHaa 
TlHaroHajit 


30-34 
30-37 


58,1 - 
1,64Z 


8,5 + 
0,27Z 


0,91 


0,87 


3,3 


0,8 


3aBL>mieHHe 
He oTMene- 

HO 


67-42 

(42+42) -25 


06paTHaa 
^naroHajit 


38-40 
40-45 


41,2 - 
1,32L 


11,7 + 
0,22 L 


0,92 


0,87 


2,3 


0,6 


3aBL>mieHHe 
He oTMene- 

HO 


(100-109)-42 
(100-109)-67 


06paTHaa 
TlHaroHajit 


50-56 
46-51 


46,6- 
1,39L 


12,6 + 
0,21 L 


0,94 


0,72 


2,2 


0,6 


3aBL>mieHHe 
He oTMene- 

HO 


(100-109)-42 
(100-109)-67 


IIpHMaa 
^HaroHant 


70-80 
80-60 


25,1 - 
0,8 XL 


12,4 + 
0,25 L 


0,88 


0,87 


1,8 


0,8 


3aBBimeHHe 

nOAOIHBBI 

(1.0-2.0 
m) 



J\im KOMnbiOTepHoro MO^ejinpoBaHHa TpaHCCpopMaiiHH CTpyiaypbi B3pwBHoro Sjioica 
SbiJia npHMeHeHa EHC EEOMHKC, MOflyjib «BlastModel», pa3pa6oTaHHaa OAO 
«BHOrEM». HncjieHHbie pacneTbi (pHBHHecKHx nponeccoB, npoHexoflamHx npn B3pbiBHOM 
pa3pymeHHH, ocymecTBJiaiOTca Ha ocHOBe Sjiohhoh moacjih (EM) 6ypoB3pbiBHoro Sjioica, 
cocToameH H3 ajieMeHiapHbix aneeK. «BlastModel» onncbiBaeT noBefleHne nopojmoro Mac- 
CHBa b 3JieMeHTapHbix anenicax EM npn ncoTanHOM nponecce ero B3pbiBHoro pa3pymeHna. 
^aHHbin MOflyjib paSoTaeT c npnMeHeHneM TexHOJiornn napamiejibHoro nporpaMMnpoBaHna 
neHTpajibHbix n rpacpnnecKHx nponeccopoB Ha BbicoKonpoH3BOflHTejibHbix BbiHHCJinTejibHbix 
CHCTeMax [2]. 
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Ha ocHOBaHHH paccMOTpemifeix Bbinie nojio)KeHHH npn ynacTHn jiaGopaTopHn OTKpbi- 
toh reoTexHOJiorHH HE,!], YpO PAH pa3pa6oTHHKaMH EHC EEOMHKC npoH3BefleHa a^an- 
Tau,Ha MOflyna «BlastModel» fljia nporH03HpoBaHHa CTpyKTypw paBBana npn npoH3BOflCTBe 
B3pwBHbix paSoT Ha Kapbepax OAO «EBPA3 - KTOK». B pe3yjibTaTe npoBefleHHa 3Kcne- 
pHMeHTanbHbix B3pwBOB b nporpaMMy Smjih BBefleHbi KoacpcpHnHenrbi, yHHTbiBaiomHe npn- 
MeHeHHe HaiaiOHHbix CKBaacHH no nepBOM pafly, B3pbiBamie Ha noflnopHyio CTeHKy, a Taioice 
npHMeHeHHe noBbiuieHHoro yflenbHoro pacxo^a BB (Sonee 2 Kr/M 3 ). flaHHbie, HeoSxoflHMbie 
fljia MOflejinpoBaHHa MOflyne «BlastModel»: xapaierepHCTHKa noBepxHOCTH Sjioica, KoopflH- 
HaTbi CKBa>KHH, KanecTBeHHbie xapaKTepncTHKH py#a — BCKpbiuia no pe3yjibTaTaM onpoSoBa- 
Hna Ha Sjioice, xapaKTepncTHKa B3pbiBHon cera, napaivteTpbi 6ypoB3pbiBHbix pa6oT, xapaiere- 
pncTHKa B3pbiBHaToro BemecTBa n 3a6oHKH. 

Ha ocHOBaHHH KanecTBeHHbix xapaKTepncraK n xapaKTepncTHK noBepxHOCTH nporpaM- 
moh paccHHTbiBaeTca SnoHHaa MOflejib 6-noica, noflroTaBJiHBaeMoro k B3pwBy c pacnpeflejieH- 
hmm b Hen nojie3HbiM KOMnoHeHTOM. noflnopHOH CTeHKe npncBaHBaeTca cocToaHne pa3- 
pbixneHHon ropHon Maccbi. Moflynb paccHHTbmaeT no BceM 3a/iaHHbiM napaMeTpaM h xapaic- 
TepncTHKaM pa3Ban ropHOH Maccw c pacnpefleneHneM b HeM nojie3Horo KOMnoHeHTa. Pe- 
3yjibTaTOM pacneTOB aBJunoTca pa3pe3bi c KoopflHHaTaMH, nocTpoeHHbie b 3aflaHHOM nop>m- 
Ke, h Ta6jmna, b KOTopon yKa3aHO coflepacamie no nojie3HOMy KOMnoHeHTy n nycTon nopo- 
fle fljia Kaacfloro H3 ceneHHn (pnc. 2). 
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Phc. 2 - CpaBHeHHe pacnanoKemia noBepxHOCTH pa3Bana paccraTaHHOH, b «BlastModel» h rro- 
jiyneHHOH npn B3pbiBe 6jioica N° 2 1 9 1 : KpacmiM - rrporH03HpyeMoe rronoJKeHHe noBepxHOCTH 
pa3Bana b «BlastModel», uepubm - peanbHoe rrano>KeHHe noBepxHOCTH pa3Bana 

OflHH H3 Sjiokob, noflBeprinnxca MOflennpoBaHnio, - Sjiok N° 3577. BbicoTa ycryna 
15 m, cpe^Haa rnySnHa CKBajKHH 17,2 m, ceTKa 5 m x 5,5 m, yflenbHbin pacxo/i BB 2,27 
Kr/M 3 , KOJinnecTBO CKBa>KHH Ha Snoice 164, oSmaa Macca B3pbiBaeMoro BB 132786 kt, o6b- 
eM B3pbiBaeMon ropHOH Maccbi 58300 m 3 ; ocTanbHbie napaMeTpbi MOflennpoBaHHa EBP 
6-noica JVe 3577 npHBefleHbi b TaSji. 2. Pe3yjibTaTbi MOflennpoBaHHa npeflCTaBJieHbi Ha 
pnc. 3-5. 
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TaSnHiia 2 

IlapaMeTpbi BBP no Sjioicy JVs 3577 



IIoKa3aTeiii> 


E/J. H3M. 




06beM B30pBaHHOH ropHOH Maccti 


TBIC.M 3 


58,3 


06mnn pacxoa BB Ha 6jioKe, b tom Hncne 
no BH^aM: 


kt 


132786 


HHTpOHHT 


Kr 


132540 


LllTaTHoe BB, b tom HHCJie no BH^aM: 


Kr 


0 


TpaMMOHHT 


Kr 


0 


rpaHyjioTOJi 


Kr 


0 


LUaniKH 


Kr 


246 


HCH "RIONEL" : 






MS-20-22,2 m 


UIT. 


328 


X-25-7,8 m 


UIT. 


6 


X-42-7,8 m 


UIT. 


92 


X-67-12 m 


niT. 


63 


X-100-7,8 m 


niT. 


0 


Tnn n Bee YIJX 


nT-n-750(l,5 Kr) 


yjjeJibHbin pacxoii BB 


kt/m 3 


2,28 


B30pBaHO CKBa>KHH 


uit. 


164 


B30pBaHO 


M 


2873,2 


BblXOfl C 1 M CKBa>KHHbI 


M 3 


20,3 




Pnc. 3 - BjioHHaa Moaenb pa3Bana 6noKa JVe 3577, paccwraHHaa «BlastModel» 
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Phc. 4 - BnoHHaa Moaenb pa3Bana 6jiOKa N° 3577 b imaHe c HaHeceHHbiMH ce^erata, 

MOK^y KOTOpblMH CHHTaiOTCfl oGteMbi 




Phc. 5 - IIonepeHHbie pa3pe3bi pa3Bana 6noKa N° 3577 B3opBaHHOH ropHOH Maccbi 
(ceemjibie yuacniKu - pa3MemeHHe >KeJie3HOH pyflbi c coflepacaHHeM 
nojie3Horo KOMnoHeHTa 6onee 10%) 
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A^anTHpoBaHHbiH MOflynt «BlastModel» no3BOJiaeT flocTaTOHHO flOCTOBepHO nporao- 
3HpoBaTb napaMeTpw pa3Bana h MOflennpoBaTb pa3Ban npn pa3JiHHHbix nnrepBajiax h pa3- 
jihhhwx cxeMax KOMMyTau,HH. CnporH03HpoBaHHbie napaMeTpbi pa3Bana h pacnpeflejieHna 
nojie3Horo KOMnoHeHTa noKa3ajiH BbicoKyio CTeneHb cxoahmocth (#o 70 %) c ^aHHbiMH 
peanbHbix B3pwBOB Ha Kapbepax, KOTopwe Sbuin noflTBepayieHbi no pe3yjibTaTaM MapK- 
nieiiflepcKOH cbeMKH pa3BanoB h onpoSoBaHHa B3opBaHHOH ropHOH Maccbi no 3axo#KaM 
3KCKaBaTopa. 
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AHHomatfun: 

Omo6paHbi npo6u omxodos smopuunou nepepa6ommi 
omaajibHux MedewiaewibHWc uuuiKoe. M3yuen xuMuue- 
ckuu, <pa306uu u MunepajioemecKiiu cocmaeu umam. 
TIo danubui P0A npaKtnmecKU ecM uedb cocpedomoue- 
na e cpeppumax, a uuhk e cpeppumax, cujiuxamax, ifim- 
Kume u cdiajiepume. 

Cdemm nonwnm pcadenumb uuiaK na Mozmamtym u ne- 
MazHumnyno (pparafuu MemodoM MOKpou MaeHummu cena- 
paifiiu. Cdenan cunrnea u uccjiedoeanue wcejie30codep- 
wcaufiix cmeKOJi, 6jiu3kux no cocmasy OKeJiesucmou 
cmeKjioo6po3Hou <pci3e Medennaewibmix iwiaKoe. Ewiu 
npoeedeHU uccjiedoeanux no euufejiameaHUio dieppu- 
moe Medu u ifunKa U3 umaKa CYM3a aeumatfUOHHbm 
ebiUfejimueaHueM cepnou, a3omnou u cojihhou kucmo- 
majuu. Hau6ojibuiee menenmue Medu u uuhko. na6mo- 
daemcM e cpaemmejibHO oia6ux pacmeopax cepnou 
Kucjiomu. Onumu no Kunemwce pacmeopewm qbeppu- 
moe MemodoM apaufaroufezocx ducKa stemmmcn domo- 
speMennuMu u s nacmonufee epeun npodonoicammcH. 

Kjimnesue cmsa: uedb, uuhk, ymwiu3auun, omxodu 
(pjiomauuu, eutuejumueaHue, MOKpan MazHunrnan cena- 
pauuH, cepnaa Kuaioma. 
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STUDIES AND RESEARCH 
TECHNOLOGY TO EXTRACT ZINC, 
COPPER AND UTILIZATION SANDS 
FROM SOLID WASTE OBTAINED 
AFTER FLOTATION COPPER 
SMELTING SLAG 



Abstract: 

Samples of waste recycling smelting slag dumpare se- 
lected. The chemical, mineralogical and phase composi- 
tion of the slag is studied. According to X-ray diffraction 
almost all of the copper is concentrated in ferrites and 
zinc - in ferrites, silicates, zincite and sphalerite. 
An attempt was made to divide slag into the magnetic 
and non-magnetic fractions by wet magnetic separation. 
The synthesis and study of iron glass, similar in composi- 
tion to glandular glassy phase smelting slag is made. 
Studies have been conducted on leaching of copper and 
zinc ferrite from the SUMZ slag by agitation leaching 
with sulfuric, nitric and hydrochloric acids. Most copper 
and zinc extraction is observed in comparatively weak 
solutions of sulfuric acid. Experiments on the kinetics of 
ferrites dissolution by a rotating disk are durable and 
currently ongoing. 



Keywords: Copper, zinc, utilization, flotation wastes, 
leaching, wet magnetic separation, sulfuric acid. 



Pa6oTa BbinoJiHeHa b paMKax npoejcra Na 12-11-35-2020 IIporpaMMU Ns 27 (J)yHflaMeHTajibHbix HCCJieflOBamiH IIpe3HflHy- 
MaPAH 
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OTxoflbi BTopHHHofi nepepaSoTKH OTBajibHtix MeflenjiaBHJibHbix mjiaicoB «tcxhhhc- 
CKne necKH», nojiyneHHbie ot (pjiOTauHH CTaporoflHHx OTBanoB, npeflCTaBJiaiOT coSoh ro- 

nOJIHHTeJIbHblH HCTOHHHK CbipbJI flJIS nOJiyHeHHS pa3JIHHHbIX npO^yKTOB. 3tH TOHKOH3MeJIb- 

neHHbie OTxoflbi OKa3biBaiOT HeraTHBHoe BJiroiHHe Ha oicpy>Kaiomyio cpe^y 3a cneT 3mhcchh 
Taacenbix MeTamiOB. IlecKH OTHeceHbi k IV KJiaccy onacHOCTH b cootbgtctbhh c TexHHne- 
ckhmh ycjiOBHaMH (TV). Hcnojib30BaHHe hx fljia peKynbTHBauHH HapynieHHbix 3eMejib B03- 
mo>kho TOJibKO nocne H3BJieneHHa T»>Kejibix MeTamiOB. Pa3pa6oTKa cnocoSoB rHflpoMeTan- 
jiyprHHecKoro H3BJieneHHa uBeTHbix MeTamiOB H3 flamioro BH/ja OTxofla h yTHJiH3au,HH bto- 
pHHHbix npoflyKTOB nyTeM BBeflemia hx b 6iioreou,eH03bi b KanecTBe MHKpo3JieMeHTHOH #o- 

SaBKH n03BOJIHT He TOJibKO H3BJieHb IIOJie3Hbie KOMnOHeHTbl, HO H peHIHTb 3KOJIOrHHeCKHe 

npoSjieMbi. 

TpaHyjiOMeTpHHecKHH cocTaB «necKOB» cjieflyiomHii: (0,21 - 0,10) mm - 1,1 - 4,1 %; 
(0,1 - 0,05) mm - 21 - 30 %; <0,05 mm 69 - 75 %. B Ta6n. 1 npHBefleHbi flamibie xHMHnecKO- 
ro aHajiH3a cocTaBa ninaKa. 



Ta6jiHu,a 1 

,3,aHHbie xHMHiecKoro aHajiioa nuniKa, Mace. % 



3neMeHT 


SiCh 


AI2O3 


Fe203 


FeO 


MnO 


CaO 


MgO 


P2O5 


Cu 


Zn 


Pb 


% 


31,90 


4,94 


7,70 


40,50 


0,09 


4,16 


1,22 


0,09 


0,51 


3,94 


0,18 



Ilo flaHHbiM pemreHO-(})a30Boro aHanroa (PcDA) npaierHHecKH bcs Me#b cocpeflOTO- 
neHa b 4)eppjrrax. Hhhk pacnpefleneH b (|)eppHTax, CHJiHKaTax, uHHKHTe, ccpajiepirre. 

BnepBbie BbinojiHeHO HCCJieflOBamie no pa3flejieHHio «TexHHnecKHx necKOB» CpeflHe- 
ypaubCKoro MeTajiJiyprHnecKoro 3aBOfla (CYM3) mctoaom MOKpoM MarmrrHOH cenapainiH. 
CflenaHbi xHMHnecKHH h (})a30BbiH cocTaBbi nojiyneHHbix cppaKUHH (TaSn. 2 h 3) 



Ta6jiHu,a 2 

Pe3yjibTaTbi xHMHiecKoro aHajiioa, Mace. % 





SiO, 


A1 2 0 3 


MnO 


CaO 


MgO 


K 2 0 


Na 2 0 


P 2 0 5 


Cu 


Zn 


Pb 


As 


Fe o6lM 


«necoK» 


32,36 


2,89 


0,038 


4,39 


0,98 


0,39 


0,29 


0,046 


0,18 


1,17 


0,064 


0,067 


35,49 


MarHHTHaa 


32,36 


3,12 


0,035 


4,54 


1,01 


0,40 


0,30 


0,050 


0,19 


1,20 


0,066 


0,067 


37,77 


Cna6oMar- 

HHTHaa 


35,17 


3,27 


0,038 


5,15 


1,28 


0,46 


0,38 


0,057 


0,15 


1,36 


0,07 


0,066 


34,78 


HeMarHHT- 


37,24 


3,93 


0,05 


5,01 


1,71 


0,53 


0,49 


0,069 


0,24 


1,2 


0,068 


0,055 


33,14 



Ta6jiHu,a 3 

PacnpeaejieHHe MimepaiOB no (J)paKUHHivi, Mace. % 



MHHepan 


MarHHTHaa 
4>paKiiHH 


Cna6oMarHHTHaa 
4>paKiiHH 


HeMarHHTHaa (jipaKUHH 


OaajiHT Fe2Si04 


79,81 


13,09 


7,09 


MarHeTHT FejCU + chxppHTBi UHHica h 
Mejpi Cuo.5Zn 0 .5Fe204 


96,13 


3,27 


0,61 


OopcTepHT (MgMn)Si04 


84,17 


9,87 


5,94 


/Jhoitchji CaZn(Si2C>6) 


83,63 


10,57 


5,82 


IJhhkht ZnO 


77,69 


8,56 


13,50 


C(J)ajiepHT ZnS 


84,04 


11,56 


4,29 
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Ochobhoh MHHepajibHOH (pa3on Bcex (ppaKunn aBJiaeTca (paajinr. PaBHOMepHoe pac- 
npefleneHHe (popcTepnra (MgMn)Si04, flnoncnfla CaZn(Si206), ccpajiepnra ZnS n nnHKnra 
ZnO no (J)paKu,H}iM mtokct CBH^eTejibCTBOBaTb o tom, hto nocne ^poS-nernia ninaKa coxpa- 
HJHOTca TOHKne arperaTbi (paajinra, (popcTepnra n CTeKJia, BKjnonaiomHe u,hhk h Meflbco- 
flepacainne MHHepanbi. 

PacneTbi c yneTOM BecoBoro Bbixo#a (ppaKunn MaraHTHOH cenapauHH CBH^eTejib- 

CTByiOT 0 TOM, HTO UHHK H MQffb B OCHOBHOM CKOHUempiipOBaHbl B MarHHTHOH (|)paKHHH 

(TaSji. 4). 

TaSjiniia 4 

PacnpeaejieHHe xhmhhcckhx 3JieivieHT0B no (|)paKiniHM c yieToivi BecoBoro Bbixoaa, Mace. % 





SiCh 


AI2O3 


MnO 


CaO 


MgO 


K2O 


Na 2 0 


P2O5 


Cu 


Zn 


Pb 


As 


Fe 0 6m 


MarHHT- 
Haa 


81,78 


81,60 


80,49 


81,59 


77,84 


80,43 


78,10 


80,26 


83,89 


82,08 


82,58 


84,30 


84,61 


Cna6o- 

MarHHT- 

Haa 


11,58 


11,14 


11,38 


12,06 


12,85 


12,05 


12,89 


11,92 


8,63 


12,12 


11,41 


10,82 


10,15 


HeMar- 
HHTHaa 


6,65 


7,26 


8,12 


6,36 


9,31 


7,53 


9,01 


7,82 


7,48 


5,80 


6,01 


4,89 


5,24 



B MarHHTHOH (j)paKHHH CKOHHempHpOBaHbl MarHeTHT H (})eppHTbI HBeTHblX MeTajIJIOB 

(okojio 97 %), KOHHempaHHa Me#H h HHHica b HeMarHHTHOH (ppaKHHH noBbinieHHaa, BepoaT- 
ho, 3a cneT HaKonneHHa Kynpnra h uHHKHra. B uejiOM mo^cho CKa3aTb, hto MarHHTHaa 
(ppaKuna MO>KeT SbiTb nojie3Ha npn flajibHeMnieM coBepnieHCTBOBaHHH MeTO^a. 

IIpoBefleH CHHTe3 MOflejibHbix >Kejie30COflep>KamHx ctckoji, 6jih3khx no cocTaBy >Ke- 
jie3HCTon CTeKJioo6pa3Hon (pa3e MeflennaBHJibHbix nuiaicoB CYM3a cjieflyiomero cocTaBa: 
Na20 (CaO, K2O) - AI2O3 - SiC>2 - Fe203 - (ZnO - CuO). IIpoBefleHbi nccjieflOBaHna no H3y- 
HeHHK) CTpyKTypHbix ocoSeHHOCTen ^aHHbix chctcm p a3 jihhhmmh MeTOflaMH. 

MnHepajiornnecKHM aHajin30M MeflennaBHJibHbix nniaKOB onpefleneHO, hto b cocTaB 
OTBanbHbix nniaKOB bxoaht ro 34 % Mcejie3HCTOH CTeKJiOBaTon (pa3bi, b rpaHyjinpoBaH- 
hmx - p,o 90 %. OcHOBHaa Macca MHHepanoB HaxoflHrca b BH^e BKjnoHeHnn b CTeiaie. YcTa- 
HOBJieHO, hto »cejie3HCTaa CTeiaiOBaTaa (pa3a MeTacTaSnnbHa n c TeneHneM BpeMeHH Kpn- 
CTanjiH3yeTca name b ojihbhh ((paajiHr) hjih MaraeraT b 3aBncnMOCTn ot xnMHHecKoro co- 
CTaBa nniaKa. 

CocTaB caMoro CTeiaia (no 30HflOBbiM aHanroaM HecKOJibKnx npo6 ctckoji ninaKa 
CYM3a (TaSji. 5)) HMeeT 30 - 50 % KpeMHe3eMa, rjinH03eMa ot 7 flo 20 %, mejionen ao 10 
%, i^HHKa 1,5 -10 %, Mefln flo 1 %. B cocTaBe ctckoji HaSjnoflaeTca coflep>KaHHe okchaob 
>Kejie3a (#o 30 %) . 

TaSjiniia 5 

3oHflOBbie aHajiH3bi ajih CTeKJioo6pa3Hoft (pa3bi nuiaKa CYM3a (Hrr YpO PAH) 



OopMyna 


CocTaB, Macc% 


IIpo6a 1 


IIpo6a 2 


IIpo6a 3 


IIpo6a 4 


Na 2 0 


3,58 


2,13 


1,85 


2,33 


MgO 


-0,43 


0,21 


0,06 


0,15 


AI2O3 


7,49 


7,56 


8,53 


9,22 


Si0 2 


38,22 


40,74 


41,8 


43,36 


P2O5 


0,14 


0,25 


0,21 


0,2 


S0 3 


4,52 


1,54 


2,66 


2,56 


K 2 0 


1,54 


1,52 


1,09 


1,47 


CaO 


4,02 


5,31 


13,88 


13,45 


MnO 


0 


-0,03 


0,05 


0,04 


FeO 


30,02 


34,93 


25,56 


22,42 


CuO 


0,1 


0,09 


0,12 


0,66 


ZnO 


9,51 


5,25 


3,49 


3,78 


AS2O3 


1,3 


0,5 


0,7 


0,28 


Sb 2 0 3 


H.O. 


H.O. 


H.O. 


0,08 
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CHHTe3 npoBOflHJica H3 peaKTHBOB Na20, CaO, K2O, AI2O3, Si02, Fe203, ZnO, CuO 
KBajiH(J)HKaLi,HH «xHMHHecKH-HHCTaa» («xh»). HcxoflHbie peaKTHBbi npeflBapHTenbHO Bbicy- 
niHBajiHCb b cyniHJibHOH nenn npn 110°C b TeneHne #Byx nacoB. IIpHroTOBJieHHyio ncxofl- 
Hyio niHXTy TmaTejibHO nepeMeniHBajiH b CTynKe c C2H5OH, 3aTeM BbicyniHBajiH npn TeM- 
nepaType 110°C. IIpoKajieHHyio CMecb noMemann b nnaTHHOBbin rarejib h nnaBHJiH b bmco- 
KOTeMnepaTypHOH nenn npn TeMnepaType 1580°C #o nojmon roMoreHnBannn. 

HccneflOBaHHe CTpyKTypHbix ocoSeHHOCTen nojiyneHHbix ctckoji BbinojiHeHO MeTO- 
flOM cneKTpocKonHH KOM6HHau,HOHHoro pacceaHHa CBeTa (KP). J\rs perncTpannn cneKTpoB 
KP Hcnojib30Bajica cneKTpoMeTp Horiba Jobin Yvon HR 320 Labram c MHKpocKonoM Olim- 
pusBX41. 

CneKTpw KP coflep>KaT nojiocw, xapaKTepHbie pjm >Kejie30COflep>KamHx ctckoji. B 
HH3KOHacTOTHOH Hacra cneKTpa flOMHHHpyeT ninpoKaa nonoca b oSnacTH 400 - 600 cm" 1 , 
npeflCTaBJiaiomaa coSoh cynepno3Hnnio HecKOJibKnx nonoc. BbicoKonacTOTHaa HacTb cneK- 
Tpa npeflCTaBJieHa nojiocon b oSjiacTH 1000 - 1200 cm" 1 h, Bepojrmo, CBa3aHa c npoaBJieHH- 
eM BaneHTHbix KOJieSaHnn hcmocthkobbix CBa3en cnjinicaTHbix CTpyKTypHbix eflHHnn,. Bee 
3to yica3biBaeT Ha to, hto b CTpyierype >Kejie3oeoflep>KamHx ctckoji >Kejie30 nrpaeT 3Hann- 
TejibHyio ponb. 

PeHTreHOCTpyKTypHbie nccjieflOBaHna npoBOflnjincb Ha noponiKoo6pa3Hbix npoSax 
Ha aBTOMaTH3HpoBaHHOM flH(})paKTOMeTpe ,3POH-2. IIo pe3yjibTaTaM peHTreHOCTpyKTypHoro 
aHanH3a b nccneflyeMbix o6pa3nax mo>kho Bbi^ejiHTb aMopcjmoe CTeiaio h KpncTajiJinHecKne 
(})a3bi KBapna CHnreTHHecKoro, KpncToSannTa, MaraeTHTa, a TaK>Ke He3HaHHrejibHoe KOJinne- 
ctbo reMaTHTa (hjih aniOMoreMaTHTa). Ha o6pa3Hax ctckoji cocTaBa Na20-Ab03-Si02- 
Fe203-ZnO-CuO napnpy c onnc aHHMMH Bbiuie KpHCTajuinHecKHMH (})a3aMH noaBJunoTca no- 
Jiocw (J)paHKJiHHHTa (ZnFe204) h KynpoHinHHe.ua (CuFe204), KOTopwe cjiaSo pa3peuiHMbi ot 
nonoc MaraeTHTa (FeFe204). 

BbinojiHeHbi noHCKOBbie nccjieflOBaHna rHflpoMeTajiJiypranecKOH nepepaSoTKH otxo- 
flOB BTopHHHOH nepepaSoTKn OTBanbHbix MeflenjiaBHJibHbix nuiaKOB CYM3a. Ftpn Henpo- 

flOJDKHTeJIbHOM TpeXHaCOBOM BbHHeJiaHHBaHHH flOCTHrayTO flOCTaTOHHO BblCOKOe H3BJiene- 

HHe Me^H h u,HHKa (TaSji. 7). 

B TaSji. 6, 7, 8 h 9 npHBefleHbi nojiyneHHbie ^aHHbie no HBBJieHeHHio Me#H n nnmca 
npn pa3JiHHHbix KOHHeHipanHax khcjiot. 

Ta6jrau,a 6 

H3BJieHeHHe Mean h uuiiKa H3 mjiaica CYM3 b bo/uimm paciBop cepiioii khcjiotm, % 



KoHueHTpauHfl 

KHCJIOTBI, r/flM 3 


H3BneHeHHe Cu b pacTBop 
no Kexy 


H3BneneHHe Zn b pacTBop 
no Kexy 


106 


12,24 


34,90 


290 


57,17 


70,28 


697 


62,45 


76,44 


1252 


55,05 


58,66 


1799 


59,92 


74,06 



Ta6jrau,a 7 

XHMHHeCKHH COCTaB MaTOHHWX paCTBOpOB CepHOKHCJIOTHOrO BbllHCJiaillBailMII, r/flM 3 



KoHiieHTpanHH 

KHCJIOTBI, t/rM 3 


Cu 


Zn 


Fe 


Si 


Ca 


Al 


106 


0,055 


1,204 


14,23 


0,0887 


0,5871 


0,1903 


290 


0,368 


3,56 


51,3 




0,24 


0,95 


697 


0,219 


2,03 


29,7 




0,18 


0,5 


1252 


0,126 


0,97 


13,6 




0,11 


0,21 


1799 


0,256 


0,0912 


0,7675 




0,4465 


0,1758 
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Ta6jiHu,a 8 



H3BJieieHHe Mean h uuiiKa H3 mjiaica CYM3 b boahom pacTBope a30THoft khcjiotm, % 



KoHIjeHTpaiJHa a30THOH 
KHCTTOTKT r/lTlVI^ 


H3BneHeHHe Cu b pacTBop 

no KPKV 


H3BneHeHHe Zn b pacTBop no 

KGKy 


5 


15,84706 


19,48731 


10 




18,53648 


25 




20,39016 


50 


17,47549 


25,01161 



Ta6jiHu,a 9 



H3BJieieHHe Mean h uuiiKa H3 uuiaKa CYM3 b boahom pacTBope cojihhoh khcjiotw, % 



KoHneHTpanHJi cojijihoh 

KHCJIOTBI, T/jXM 3 


H3BJieHeHHe Cu b pacTBop 
no Kexy 


H3BneneHHe Zn b pacTBop no Keicy 


5 


20,83824 


12,65799 


15 




17,4269 


25 


21,08039 




50 


46,24314 


22,15317 



IIo nojiyneHHbiM ^aHHtiM mo>kho cyflHTt o tom, hto nBBJieneHne mqjxr h nnHica b 
pacTBop npn HcnwTaHHbix KOHnenrpanHax b cojijihokhcjioh h a30THOKncjion cpe^ax b He- 
CKOJibKO pa3 MeHbine, neM b cepHOKHCJioft cpe^e. CnnTaeM, hto npn yBejinneHnn npoflOJiacn- 
TejitHOCTH BbimejianHBaHHa mo>kho H3BJienb Sojiee nonHO Meflb h nnmc. 

PaHee ncaneflOBaHa KHHeraKa pacTBopeHna MHHepajiOB Me^n n nnHica (KOBejuiHHa, 
KynpHTa, cc^ajiepnra, nnHKnra, ManaxHTa, a3ypnra) b pacTBopax cepHon khcjiotm [3] MeTO- 
flOM Bpamaiomeroca flncica. HeBbiacHeHHbiM aBJiaeTca xapaKTep pacTBopeHna ^eppnra uhh- 

Ka H MeflH, aBJiaiOIUHXCa OCHOBHblMH COCTaBJiaiOmHMH «neCKOB». 

B CB33H C 3THM SblJIH CHHTe3HpOBaHbI (J)eppHTbI MQffK H UHHKa. ChHTC3 npOBOflHJICa 

no KepaMHnecKOH TexHOJioraH. OiccHflbi Menu n >Kejie3a CMeniHBanH b ctcxhomctphhcckom 
cooTHOineHHH CuO:Fe203=l:2, H3MejibHajin h oSMcnrajrn b My^ejibHon nenn npn TeMnepa- 
Type 1200°C b TeneHne 4 nacoB. Oca^oK noBTopHO nBMejibnajin h noBTopHO o6>KHrajiH b Te- 
neHHe 5 nacoB. ,H,jia yflaneHna ocTaTOHHbix okch^ob >Kejie3a h Me^n o6pa3eu, oSpaSaTbiBann 
BOflHbiM pacTBopoM cojiaHOH khcjiotm c KOHnenrpanneH 25 Mace. % n cyniHJiH npn 140°C. 
cDeppnr uHHKa CHHTe3HpoBajiH aHanorHHHO. 

TaK>Ke H3 CHHTe3HpoBaHHbix (})eppHTOB SbiJiH cnpeccoBaHbi TaSneTKH flua npoBe#e- 
HHa HCCJieAOBaHHH pacTBopeHHa mctoaom Bpamaiomeroca flncica. B KanecTBe MaTepnajia 

flJia H30JianHH flHCKa (60KOBOH nOBepXHOCTH OCH H BepXHeM nOBepXHOCTH flHCKa) SblJia HC- 

nojib30BaHa o6oHMa H3 (JrropomiacTa. TaSjieTKH BKJieHBajiH b oSoiiMy c noMombio KJiea Pox- 
ipol, b cocTaB KOToporo BxoflaT anoKCHflHaa h MepKanraHOBaa cmojiw. OnbiTbi no khhcthkc 
pacTBopeHna (})eppHTOB MeTOflOM Bpamaiomeroca flncica aBJiaiOTca flOJiroBpeMemibiMH n b 
HacToamee BpeMa npoflOjracaiOTca. 3to no3BOJinT pa3pa6oTaTb Haymbie ochobw rnflpoMe- 
TajuiyprHHecKoro cnocoSa roBJieneHna nBCTHbix MeTanjiOB H3 «necKa». 
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Bbieodu 

1 . IIpoBefleHa MOKpaa MarHHTHaa cenapauiui, KOTopaa mtokct SbiTb nojie3Ha fljia co- 
BepnieHCTBOBaHHa MeTOfla nepepaSoTKH ninaKOB CYM3a. 

2. CHHTe3HpoBaHbi >Kejie30coflep>KamHe CTeiaia, 6jiH3KHe no cocTaBy Mcejie3HCTOH 
CTeKJioo6pa3HOH (J)a3e MeflemiaBHJibHbix ninaKOB cocraBOB Na20-Al203-Si02-Fe203- ZnO- 
CuO. 

3. IIpoBefleHbi peHTreHOCTpyKTypHbie HCCJieflOBaHHa h HcaneflOBaHHa CTpyierypHbix 
ocoSeHHOCTeM flamibix ctckoji MeTOflOM cneierpocKonHH KOMSnHauHOHHoro pacceaHHa CBe- 
Ta. BwaBJieHO, hto b CTpyKType »cejie30COflep>KamHx ctckoji >Kejie30 nrpaeT 3HaHHTejibHyio 
ponb. 

4. B jiaSopaTopHbix ycnoBHax npn HenpoflOJDKHTejibHOM TpexnacoBOM BbimejiaHHBa- 
hhh flocTHrHyro flocTaTOHHO BbicoKoe H3BJieneHHe mqj\vl h uHmca. 

5. CHHTe3HpoBaHbi (})eppHTbi MeflH h u,HHKa fljia H3yneHHa khhcthkh BbimejianHBa- 

HH3. 
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HCCJIE^OBAHHE 
H30JIHPOBAHHOrO 
BJIHJIHHJI (DAKTOPOB HA 
H3BJIEKAEMYIO HEHHOCTb 
2KEJIE3HOH Py^BI* 

AnHomauun: 

IloJib3yficb MemodoM demepMUHupoeanHozo cpaK- 
mopnozo anajiU3a, paccMompeuo moJiupoeaHHoe 
enuRHue (paKmopoe na useJieKaemym ueuuocmb 
DKeJie3Hou pydbi EcmmmmcKozo MecmopooicdeHUH. 
PaccMompenbi Kjmneebie (paKtnopu, eo3deucmey- 
loufue Ha 3(p(peKmiwHocmb qbyHKUuoHupoeanux 
zopHodo6bieaK>iu,ezo npednpunmun, u ycmanoene- 
Ha cmenenb ux eo3deucmeim. IJpedcmaeJieHO no- 
nyneHHoe ypaenemie onpedejienun u36iieKaeMou 
HeHHocmu e addumiwHou (popAte c KOjqbqbuuueH- 
majuu, paenbiMu omnocumenbHUM u3M€H€huhm 
meJiehcaeMou uenHocmu npu mMenenuu i-ux (paK- 
mopoe. OnpedeneHbi KpumuuecKUe 3HaneHim noKa- 
3ameneu, (uiuxioufux Ha u3eJieKaeMyio uenHocmb. 

Kmoneebie cuoea: (panmop, jkohomuko- 
MameMammecKoe Modejiupoeanue, npumepuu 
3<pcpeKmueHocmu, demepMUHupoeaHHbiu qbanmop- 
Hbiu auajiu3. 



RESEARCH OF FACTORS' SEPARATED 
INFLUENCE ON THE EXTRACTED 
IRON ORE WORTH 



Abstract: 

The factors ' separated influence on the extracted 
iron ore worth of the Estuninsky deposit is consid- 
ered employing the method of deterministic factor 
analysis. Key factors influencing on the efficiency 
of mining plant operation are considered and the 
severity of their influence is set up. The derived 
equation of determination the extracted worth in 
additive form is presented with coefficients equal to 
relative variations of extracted worth under 
i-factors change. The crucial values of indices 
influencing on the extracted worth are determined. 



Key words: factor, economic and mathematical 
modeling, the criterion of efficiency, deterministic 
factor analysis. 



Ha 3(})(})eKTHBHOCTb (hyHKHHOHHpOBaHHJI rOpHblX npeflnptUITHH BJIHSHHe OKa3bIBaeT 

pafl (paKTopoB, KaK ynpaBJiaeMbix, TaK h HeynpaBJiaeMbix. K nepBbiM cjie^yeT othccth noTe- 
pn, pa3y6oacHBaHHe npn floGbine h JKBJieHemie MeTamia b KOHLtempaT npn o6orameHHH, a 
ko BTopbiM - coflep^KaHHe MeTajina b norauiaeMbix 3anacax, pbmoHHyio iieHy MeTanna b 
KOHLtempaTe h Kypc pySna no OTHOineHHio k aMepmcaHCKOMy ^ojuiapy. 

Ueiia aBJiaeTca HanSojiee cymecTBeHHbiM (haKTopoM, OKa3biBaiomHM BJiHamie Ha 
npiiGbuib npeflnpnaTHa. Ee H3MeHeHHe hocht, KaK npaBHJio, iiHKUHHHbiH xapaKTep, npn ko- 
TopoM pocT CMeHaeTca naflemieM. TaKoe nonoaceHHe jxqji 3anacTyK) npHBOflHT k TOMy, hto 



Pa6oTa BbinonHeHa npn no;wep>KKe Me^HcuHnnHHapHoro npoeKTa «OcBoetine Hezip 3eMJin: nepcneKTHBBi 
pacuiHpeHHH h KOMiuieKCHoro ocBoetma MMHepajitHO-CBipteBOH 6a3ti ropHO-MeTaiuryprHHecKoro KOMrmeicca 
Ypana» (12-M-23457-2041). 
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npeflnpnaTHa He Moryr CBoeBpeMeHHO BbipaSoTaTb CHCTeMy npeBeniHBHbix Mep ajiji ycipa- 
HeHHa HeraTHBHbix nocjie#CTBHH CHH>KeHHa neH, a b nepnofl pocTa - noflroTOBHTbca k no- 
CJieflyioineMy nepnofly hx B03MO>KHoro CHH>KeHHJi. 

OcHOBHbiMH noKaBaTenaMH KOHKypeHTOcnocoSHOCTH npoflyKu,HH ropHOfloSbiBaiome- 
ro npeflnpiiaTHa aBJunoTca 3aTpaTbi (b HanieM cnynae ceGecroHMOCTb flo6biHH h oGoraineHHa 
pyflbi) Ha eflHHHuy H3BJieKaeMOH nemiocTH (MeTajuia) h KanecTBO npoflyKUHH, KaK npaBHJio, 
3aflaBaeMoe ycTaHOBJieHHbiMH CTaH^apTaMH. C nenbio co3flaHHa MeTOfla onepaTHBHoro 
onpe/ieJieHHa nejiecoo6pa3HOCTH oipaSoTKH 5Kejie3opyflHbix MecTopo>KfleHHH SbiJio npoBe- 
fleHO 3KOHOMHKo-MaTeMaTHHecKoe MOflennpoBaHHe 3(})(})eKTHBHOCTH floSbiHH pyflw Ha npn- 
Mepe EcTiOHHHCKoro MecTopTOK^eHHa. KpHTepneivi 3(|)4)eKTHBHOCTH npHHai-a BejiHHHHa npn- 
GbiJiH Ha eflHHHu,y noramaeMbix GanaHCOBbix 3anacoB 

r#e k — Kypc pySna k aMepHKaHCKOMy ^ojuiapy, 

H 1 ? ~~ Kos^Hinienr H3BJieneHHJi pyflw npn floSbine, I \V = ( 1 — n); 

II - noTepn, flona e#.; 

P - pa3y6oacHBaHHe, flona e^.; 

Z - ueHa MeTamia b 1 t KOHnempaTa Ha mhpobom pbiHKe FOB, flOJi.; 
c — coflepacamie MeTamia b noramaeMbix 3anacax, aojiji e#.; 
C - ceGecTOHMOCTb aoGmhh, TpaHcnopTHpoBaHHa h o6oraineHHJi 1 t #o6biTOH 
pyzibi, py6.; 

8 - H3BJieHeHHe MeTamia b KOHnenrpaT npn oSoraineHHH, aojiji e#. 

U,eHa KOHnempaTa ropHO-o6oraTHTejibHoro KOMSnHai-a onpeflejiaeTca CTOHMOCTbio 
1 % coflepacaHHa none3Horo KOMnoHeHTa b KOHHenrpaTe Ha mhpobom pbiHKe FOB. Ftpn pac- 
neTe u,eHHOCTH npoflyKiniH KpoMe 3Toro ynHTbiBaiOTca co#ep>KaHHe MeTamia b SanaHCOBbix 
3anacax, noKa3aTejiH H3BJieneHHJi r\ h s npn floSbine h oSorameHHH pyflti, h Kypc aMepHKaH- 
CKoro flOJinapa no othohichhio k pyGnio. FJ,ejiecoo6pa3HO ycTaHOBHTb hx BJinaHHe Ha bchh- 
HHHy H3BJieKaeMOH u,eHHOCTH 1 t noramaeMbix 6anaHCOBbix 3anacoB. 

ripn peuieHHH 3toh 3a#aHH Hcnojib30Banca MeTOfl fleTepMHHHpoBaHHoro (J)aKTopHoro 
aHanH3a (flcDA): 3JiHMHHHpoBaHHe - HCKjnoHemie B03fleiiCTBHa Bcex ^aieropoB, KpoMe ojx- 
Horo (fljia He3aBHCHMbix (J)aKTopoB) [1]. B HanieM cnynae HCCJieflyeTca MyjibTHnnHKaTHBHaa 
MOflenb BH^a FJ,h3b = kr\Zce; 3a^ana - ouemca BJinaHHa aScojiiOTHoro H3MeHeHHa z'-ro (|)aKTopa 
Ha aScojiiOTHoe H3MeHeHHe pe3yjibTaTHBHoro noKaBaTena. 

AjiropnTM BbiaBJieHHa H30JiHpoBaHHoro BJinaHHa (})aKTopoB coctoht b onpeflejieHHH: 

1. MaTeMaTHnecKoro o^KHflaHHa (MO) Ka^K^oro (|)aKTopa. H3BecTHO, hto 3HaneHHa 
4)aKTopoB HMeiOT rayccoBCKoe pacnpeflejiemie b KOHKpeTHOM flHana30He. MO (})aKTopoB 3a 
Becb nepnofl HCCJieflOBamia (n = 11 nei") onpe^ejiaiOTca KaK cpeflHeapHcJmeTHHecKoe cpe#- 

n 

Ex 

HeroflOBbix 3HaneHHH [x] = t} —. 

n 

2. Cpe/mero KBa^paTHHecKoro OTKJiOHeHHa (CKO) Ka^K^oro (})aKTopa 

E(x,-w) 2 

^ — 1 i=l 



3. MO H3BJieKaeMOH neHHOCTH KaK npoH3BefleHHa MaTeMaranecKHx o)KHflaHHH Bcex 
(})aKTopoB. 3Ta cpe^Haa BejiHHHHa 3a nepnofl nccjieflOBaHHa [IJ,h3b]= [2]-[c]-[r|]-[s]-[/<:] = 
500,19 py6/T. 

4. BejiHHHHbi aScojnoTHoro H3MeHeHHa IIh 3 b npn H3MeHeHHH z'-ro 4>aKTopa (AI[ Ii3B (xi)) 
nyreM nepeMH05KeHna MO Bcex (})aKTopoB (KpoMe z'-ro (})aKTopa) h CKO z'-ro (})aKTopa. 

5. 06m en BejiHHHHbi aScojiiOTHoro H3MeHeHHa H3BJieKaeMoii neHHOCTH ArJn 3B (S) KaK 
cyMMbi aGcojiiOTHbix H3MeHeHHH H3BJieKaeMOH neHHOCTH npn H3MeHeHHH Ka)Kfloro 4)aKTopa 

AL[ H 3b(£) = AI4„3b(Z) + ALU(c) + AII H3 b(ti) + ALl„3 B (s) + ALU(/l) = 395,92 py6/x. 
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6. BeJIHHHHbl OTHOCHTeJIbHOrO H3MeHeHH3 H3BJieKaeMOH U,eHHOCTH npH H3MeHeHHH 

z'-ro (paicropa ksk OTHomeHna AI[ mB (xi) k AU,„ 3B (S). 

Ha ocHOBaHHH npoBefleHHoro flcDA nojiyneHO ypaBHemie onpeflejiemia HBBJieicaeMOH 

U,eHHOCTH B aflflHTHBHOH (pOpMe C K03(p(|)HnHeHTaMH, paBHblMH OTHOCHTeJIbHbIM H3MeHeHH}IM 
H3BJieKaeMOH neHHOCTH npH H3MeHeHHH Z-X (})aKTOpOB. 

Hm3b = 3,52Z+54,05c+ 1,67/c + 20,17e + 13,03n. (2) 

IIo flaHHOMy anropHTMy pa3pa6oTaHa nporpaMMa pacneTa Ha II3BM. Pe3yjibTaTbi pacneTa 
npHBefleHbi b TaSjinne. 

,II,cDA noKa3an, hto HanSojiee 3HanHMbiMH aBJiaiOTca (paieropbi, He 3aBHcamHe ot Tex- 
HOJiorHH BefleHHa ropHbix paSoT: neHa MeTajuia b Tomie KOHu,eHTpaTa Ha pbiHKe FOB h Kypc 
aMepHKaHCKoro flojuiapa. 3th js,bsl (paiciopa xapaKTepn3yiOT KOHbiOHiaypy pbiHKa MeTajuiOB 
h onpeflejiaiOT acpcpeieraBHOCTb OTpaGoTKH MecTopoacflemia Ha ^aHHbin nepnofl BpeMeHH 
(PHC. 1). 

TaGjiiiua 1 

Pe3yjibTaTbi pacneTa bjihhhhh OTjjejibHbix (jjaKiopoB Ha H3BJieKaeMyio uciiiiocrb 



IlapaMeTp MyjitTHiuiHKa- 

THBHOH MO/ieJIH 


^nana30H H3Me- 

HeHHJ! 4>aKTOpOB 


MO 


CKO 


A6cojiK>THoe 
H3MeHeHne 
AU, H3B (X{), 
py6./T 


Pa3Mep BJina- 
hjw Ka>Kiioro 
4>aKTopa, % 


H,eHa MeTajuia b tohhc 
KOHueHTpaTa, ^oji/t 


21,45-170,37 


86,75 


52,9 


305,06 


77 


Co^ep>KaHHe MeTajuia 
b 6anaHCOBbix 3anacax, 


0,262 - 0,283 


0,28 


0,008 


14,93 


4 














K03(j)4)HUHeHT H3BJie- 

HeHHa npn flo6bme, 


0,896-0,952 


0,93 


0,023 


12,12 


3 


aojia ejj,. 












K03(j)(j)HUHeHT H3BJie- 

HeHHa npn o6orame- 


0,737-0,83 


0,78 


0,024 


15,69 


4 


hhh, aojia e%. 












Kypc aojuiapa, 
py6/jioji 


23,5 -33,9 


28,85 


2,78 


48,13 


12 


H3BJieKaeMaa ueH- 
HocTb, py6/T 




500,19 




395,92 





■ L|eHa MGTajuia b tohhg 
KOHneHTpaTa, $/t. 

■ Co^epwaHwe iweTaji/ia b 
6a/iaHCOBbix sanacax, ppjw ep,. 

flp&bine, fl,oniA efl,. 

■ Ko3<|>c|>nnneHT nsB/ie^ei-iHfi npn 

o6oraiii,eHMM, p,as\M ep,. 
M Kypc ,0,0/1/1 a pa, py6. fppn. 



Phc. 1 - ,H,ojw BjraaHHH (j)aKTopoB Ha H3BJieKaeMyio ueHHOCTb 
1 t 6anaHC0Bbix 3anacoB 5Kejie3Hofi py#M 

ScpcpeieiHBHOCTb OTpaSoTKH MecTopoK/ieHHa onpefleneHa npn noMonni 3MM no 
KpHTepnto H3MeHeHHa npnSbuiH, OTHec eHHoii Ha 1 t SanaHCOBbix 3anacoB, ot neHbi MeTajuia 
b TOHHe KOHu,eHTpaTa h Kypca pySjia no OTHomeHHio k aMepmcaHCKOMy ^ojuiapy npn npnHa- 
tmx ncxoflHbix flaHHbix 3a 2012 rofl (pnc. 2). Bh^ho, hto kphthhcckoh npn no#3eMHOH #o- 
Gbine acejie3Hbix pyp, aBJiaeTca neHa KOHneHTpaTa (c coflep^KamieM MeTajuia 63 %) b flnana- 



12% 
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30He 115 - 125 $/t h Kypc pyGna b £Hana30He 28,5 - 29,5 py6/flOJi. 3to MHHHManbHO flony- 
CTHMbie 3HaneHHa ^aHHbix 4>aKropoB, HH>Ke KOTopbix floSbina pyflw CTaHOBHTca ySbiTOHHOH 

(npH (J)HKCHpOBaHHbIX 3HaHeHHJIX npOHHX (})aKTOpOB). 



14eHa KOHneHTpara, $/t. 

20 40 60 80 100 120 140 160 180 200 220 

750 H — 1 — 1 1 — — 1 




-750 - 1 

M Kypc ^o/i/iapa, pyS./^o/i. < HeHa MeTa/i/ia b tohhg KOHneHTpaTa, $/t. 

Phc. 2 - 3aBHCHMOCTb npnGbiJiH ot Kypca flarmapa h ueHbi MeTajuia 
b TOHHe KOHiieHTpaTa Ha pbiHKe FOB 

Bnaroflapa Hcnojib30BaHHio pa3pa6oTamiOH 3KOHOMHKO-MaTeMaTHHecKoii MO#ejiH 
mo)kho onepaTHBHO onpe/ieJiHTb KpHTHnecKHe 3HaneHHa ocHOBHbix (J)aKTopoB, BJiHaiomnx Ha 
npnGbuib, hto, b cbok) onepeflb, no3BOJiaeT 3a6jiaroBpeMeHHO noflroTOBHTbca k kph3hchoh 
CHTyau,HH h pa3pa6oTaTb Mepbi hjih hx KOMnjieicc, npeflHa3HaneHHbie fljia KOMneHcnpoBaHHa 
na^eHHa u,eH hjih Kypca pySna no othohichhio k aMepHKaHCKOMy ^ojiJiapy. Hto mojkct npo- 
THBonocTaBHTb ropHOfloSbiBaiomee npeflnpjiaTHe chiokchhio u,eH h na^eHHio Kypca pySna? 
Rim coxpaHeHHa npiiSbuiH npeflnpHjrnui Ha npe>KHeM ypoBHe HeoSxoflHMO, htoSm ee na/ie- 
HHe KOMneHcnpoBajiocb 3a cneT yBenHHeHHa npiiSbuiH ot pocTa cpeflHero co#ep>KaHHJi, ko- 
3(})(})HLi,HeHTa H3BJieHeHHa, jihSo CHH)KeHHa noTepb, pa3y6o>KHBaHHa h oSiuhx 3aTpaT Ha flo- 
Sbiny h oSorameHHe pyflw, a TaKJKe noBbiniemia nporoBOflirrejibHOCTH Tpy^a. ^aace He3Ha- 

HHTeJIbHblH OTHOCHTeJIbHblH pOCT 3aTpaT BeflCT K OTHOCHTCJIbHOMy naflCHHK) npHSblJIH B 3 - 

9 pa3. IIo3TOMy ropHbie npeflnpnaTiia flOJDKHbi HMeTb pauHOiiajibHbiH HaSop MeponpjuiTHH b 
nepnofl noHH5KeHHa ueii Ha cboio npoflyKUHio, htoSm HMBejinpoBaTb hx na^eHHe. 

C apyroii ctopohw, HeoSxoflHMO Hcnonb30BaTb B03MO>KHbie BHyTpeHHHe pe3epBbi 
Rjia noBbiuieHHa KanecTBa BbinycKaeMoii npoflyKUHH. H3bcctho, hto ueimocTb eflHHHUbi 
npoflyKTa pacreT KaK c noBbinieHHeM ero KanecTBa, TaK h c nepexoflOM b Soiree KanecTBeH- 
Hbiii npoflyKT nocne Kaac^OH CTa^HH nepepaSoTKH cbipba. IIo3TOMy pe3epBbi noBbiHiemia 

UeHbi flOJDKHbl paCCMaTpHBaTbCa B U,eiIH HH3KOCOpTHbie KOHU,eHTpaTbI - BblCOKOCOpTHbie 

KOHu,eHTpaTbi - MeTami. HMeionnieca ceroflHa oiieHKH CBH/ieTejibCTByiOT o uejiecoo6pa3HO- 
cth Sojiee rayGoKOH nepepaSoTKH py# c BbinycKOM He TOJibKO KOHuempaTOB BbicoKoro Ka- 
necTBa, ho h c opramminieH cooTBeTCTByiomirx npoH3BO#CTB HenocpeflCTBemio MeTamiOB. 

IlepHOflHHecKHe KOJieSamia ueii Ha npoflyKumo ropiiofloSbiBaiomeii npoMbiuuieHHO- 
cth h npHpoflHaa H3MeHHHBOCTb Ba>KHeHiiiHx noKa3aTejieii KanecTBa nojie3Horo HCKonaeMO- 
ro, TaKHX KaK MomHOCTb h yron naflemia py^Hbix Ten, (J)H3HKO-MexaHHHecKHe CBOHCTBa 
BMemaiomHx nopo# h nojie3Horo HCKonaeMoro, a TaK>Ke flpyrne ropHO-reojiorinecKHe 
ycjiOBHa h pafl (})aKTopoB BHeumeH cpe^bi oSycnaBJiHBaiOT HeH36e>KHbie KOJieSaHHa npHSbi- 
jih. Pa3pa6oTaHHaa 3KOHOMHKO-MaTeMaTHHecKaa MO^ejib no3BOJiaeT 3(})4)eKTHBHO h Harjum- 
ho onpeflenHTb 3HaHeHHa ocHOBHbix 4)aKTopoB, BJiHaiomnx Ha u,ejiecoo6pa3HOCTb pa3pa6oT- 
kh acejie3opyflHoro MecTopo)KfleHHa, hjih OTCJieflHTb h nporao3HpoBaTb CHTyau,Hio Ha yyae 
paSoTaiomeM ropHopy^HOM npeflnpnaTHH. 
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Bbieodbi 

1. Pa3pa6oTaHHbie 3K0H0MHK0-MaTeMaTHHecKaa MOflejib h nporpaMMa pacneTa Ha 
H3BM no3BOJiaiOT onepaTHBHO onpe#ejiHTb CTeneHb bjihjihhji (J)aKTopoB KaK 3aBHcanxHX ot 
TexHOJioraH Be/ieHHa ropHbix paSoT, TaK h He 3aBHC5mxHx. 

2. B pe3ynbTaTe fleTepMHHHpoBaHHoro (J)aKTopHoro aHanH3a onpeflejieHbi HanSojiee 
3HanHMbie (})aKTopbi, He 3aBHcamHe ot TexHOJiorHH Be^emis ropHbix paSoT: neHa MeTamia b 
TOHHe KOHneHTpaTa Ha pbimce FOB h Kypc aMepHKaHCKoro flojuiapa. 

3. YneT BHeniHHx HeynpaBJiaeMbix 4)aKiopoB - mhpoboh neHbi MeTajuiOB h Kypca 
flOJinapa no3BOJiaiOT onpeflejiHTb acJ^eiCTHBHOCTb floSbrni py#bi b 3aBHCHMOCTH ot flen- 

CTByiOUieH Ha MOMeHT OTpaSoTKH 6-HOKa KOHblOHKTypbl pblHKa He TOJIbKO B HeJIOM flJia Me- 

CTopo)KfleHHa, ho fljia KOHKpeTHoro flo6biHHoro Gjioica. 

4. Bnaroflapa Hcnonb30BaHHio pa3paSoTamiOH 3KOHOMHKO-MaTeMaTHHecKOH moacjih 
momcho onepaTHBHO onpe/ieJiHTb KpniHHecKHe 3HaneHHa ocHOBHbix (J)aKTopoB, bjihjhouihx Ha 
npnSbiJib, hto, b cbok) onepe^b, no3BOJiaeT 3a6jiaroBpeMeHHO noflroTOBHibca k kphbhchoh 
CHTyanHH h pa3pa6oTaTb Mepbi hjih hx KOMnneKC, npeflHa3HaHeHHbie fljia KOMneHcnpoBaHHa 
na/ieHHa neH hjih Kypca pySjia no OTHomeHHio k aMepHKaHCKOMy ^ojuiapy. 
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